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INTRODUCTION 

The  aim  of  the  work  done  under  AFOSR  grant  No  84-0390  was  to 
find  out  the  action  mechanism  of  N , N ' -Diacetyl-1 , 6-diaminohexane 
(DADH),  a  substance  of  kno^im  antitransforming  effect  in  vitro, 
in  an  animal  experiment.  Primary  field  of  interest  were  molecu¬ 
lar-biological  and  immunological  parameters.  Beside  this,  tumor 
development  as  well  as  other  biological  parameters  were  investi¬ 
gated  . 

Ue  chose  C57  bl/6  mice  as  experimental  model  because  the  inci¬ 
dence  of  malignant  tumors  is  high  and  their  mean  life  span  is 
660  days  in  males  and  640  days  in  females.  Immunologically  the 
onset  of  decline  occurs  earlier  and  the  rate  of  the  age  related 
decline  in  activity  is  more  rapid,  compared  to  other  mouse 
strains.  Additionally  the  T  cell  iimnunity  may  play  an  important 
role  in  the  resistance  against  life  shortening  malignant  lympho¬ 
ma,  which  can  also  be  induced  by  ionizing  radiation.  Radiation 
induced  thymic  lym.phomas  in  C57  bl/K  mice  can  produce  high  ti¬ 
ters  of  radiation  leukemia  virus  (Rad  LV)  which  is  able  to  se¬ 
lectively  transform  T  lymphocytes.  Studies  of  Rad  LV  induced 
leukemogenesis  in  C57  bl/K9  mice  have  shown  that  the  thymus  is 
essential  for  virus  replication  and  that  T  cells  are  the  cellu¬ 
lar  target  of  virus  induced  neoplastic  transformation.  T  cell 
imm.unity  may  therefore  play  an  important  role  in  the  resistance 
against  life  shortening  malignant  lymphoma  induced  by  ionizing 
radiation . 

It  was  reported  by  Hirokawa  et  al .  that  all  the  T  cell  dependent 
splenic  immunological  activities  investigated,  showed  a  decline 
with  age.  Studies  from  our  laboratory  have  shown  that  poly(ADP- 
ribose ) -synthesis  declines  as  a  function  of  age  in  lymphocytes. 
Because  the  resistance  against  radiation  induced  lymphoma  is 
also  deoendent  on  the  right  balance  of  lymohocyte  subsets  and 
also  of  natural  killer  cell  activity  and  these  investigations 
v/ere  not  done  up  till  now,  we  included  these  determinations  in 
cur  crocramne.  The  determination  of  P.AN  T  cells,  suppressor 
cells  ''.ncludina  cytotoxic  ceils)  and  B  cell  population  was  done 
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usina  nfionoclonal  antibodies  and  the  killer  cell  activity  was 

5 1 

studied  by  a  ~Cr  release  method.  Since  for  balanced  lymphocyte 
action  several  differentiation  steps  are  necessary  and  poly(ADP 
ribose ) -synthesis  ( PAR-synthesis )  controls  this  important  deve¬ 
lopmental  mechanism,  we  tried  to  find  out  if  any  antitransf or- 
xing  activity  in  vivo  is  also  correlated  with  enhanced  PAH-poly 
merase  activity  and  differentiation  processes. 

Besides  poly ( .ADP-ribose ) -polymerase  activity  and  poly ( ADP-r ibo- 
se )  content  of  cells  also  replicative  DNA  synthesis,  unsche- 
dul  '  ■;  ONA  synthesis  and  DNA  strand  breaks  possibly  play  a  role 
in  rhe  generation  of  irradiation  induced  lymphomas.  Investiga¬ 
tions  including  these  parameters  were  also  performed. 

Since  gene  amplification  can  be  detected  by  cytogenetic  determi 
nation  of  doubleminutas  we  have  tried  to  include  this  factor  in 
the  short  term  experiments  with  DADH. 

During  the  initial  phase  of  this  project  two  "antitransformer" 
substances  v;ere  selected  to  investigate  some  biochemical  and 
immunological  parameters  in  short  term  experiments  to  find  out 
the  "best"  substance  for  the  long  term  study. 

Some  valuable  results  were  obtained  with  both,  3-methoxy-benz - 
amide  (3-MBA)  and  DADH,  but  DADH  was  choosen  for  the  long  term 
experiment,  because  the  substance  can  be  applied  with  drinking 
water  and  is  facilitated  by  the  characerizati on  of  its  cellular 
uptake  and  metabolism. 

Toxicokinetic  study  of  3-methoxybenzamide 

14-labelled  3-methoxybenzaraide  was  applied  perorally  to  groups 
of  3  male  and  3  female  rats.  The  animals  were  killed  1,  4  or  18 
hours  after  a  single  aoplication  of  the  test  substance  or  72 
hours  after  the  last  of  5  consecutive  administrations.  14C-acti 
vity  in  liver,  lung,  spleen,  thymus,  kidneys  and  blood  was  ana¬ 
lysed.  Highest  concentrations  were  observed  in  liver  and  kid- 
nr.ys,  lowest  in  spleen  and  thymus.  14C-activity  decreased  with 
an  initial  half  time  of  1  -  1.5  hours  and  was  then  slowing  down 
Details  see  enclosed  report  (enclosure  1). 
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Toxicokinetic  study  of  N , N * -Diacetyl-1 , 6-diaminohexane 
14-labelled  iM ,  M  ' -diacetyl -1 , 6-diaminohexane  was  applied  peroral- 
ly  to  croups  of  3  mala  and  3  female  rats.  The  animals  were  kil¬ 
led  1,  4  or  18  hours  after  a  single  application  of  the  tesr  sub¬ 
stance  or  72  hours  after  the  last  consecutive  administration. 
14C-activity  in  liver,  lungs,  spleen,  thymus,  kidneys  and  blood 
was  analysed.  Highest  concentrations  were  observed  in  kidneys, 
thymus  and  spleen,  lowest  in  blood.  14C-activity  decreased  with 
an  initial  half  time  of  about  1.5  hours  and  was  then  slowing 
down.  An  accumulation  of  the  test  substance  in  the  organs  occur¬ 
red  after  repeated  administrations. 

Details  see  enclosed  reoort  (enclosure  2). 


Because  antitransf orming  activity  is  also  important  for  human 
skin,  a  percutaneous  absorption  study  of  N , N * -diacetyl -1 , 6-dia- 
ninohexane  was  performed  in  addition. 

Details  see  enclosed  report  (enclosure  3). 
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ANIMAL  EXPERIMENTS  AND  HISTOPATHOLOGY  IN; 

Animal  studies  on  the  mode  of  action  of  agents,  that  are 
antitransf ormer s  in  cell  cultures. 

SUMJ-IARY 

N,  M ' -Diacetyl-1 , 6-diaminohexane  (DADH),  a  substance  of  a  known 
antitransf orming  effect  in  vitro,  was  used  to  study  a  possible 
effect  when  applied  to  mice  alone  or  in  combination  with  gamma 
irradiation.  Primary  field  of  interest  were  biochemical  parame¬ 
ters.  Besides  this,  tumor  development  as  well  as  other  biologi¬ 
cal  parameters  were  investigated. 

4  groups  of  89  male  and  98  female  C57-bl  mice  were  kept  for 
up  to  618  days. 

Group  1  remained  untreated  as  control. 

Group  2  was  treated  with  DADH  (100  ppm  in  the  water) 
continuously . 

Grouo  3  was  gamma  irradiated  with  1  Gy  once  initially. 

Group  4  was  treated  with  DADH  (100  ppm  in  the  water) 

continuously  and  gamma  irradiated  with  1  Gy  once  ini¬ 
tially. 

Investigations  reported  in  this  part:  Clinical  signs,  body 
weight,  water  consumption,  haematology,  necropsy  and  histopatho- 
logy  of  spleen,  thymus  and  grossly  changed  tissues. 

Summariced  results: 

There  was  no  detectable  effect  of  any  kind  of  treatment  on  body 
weight,  water  consumption,  clinical  signs,  haematologic  parame¬ 
ters,  spontaneous  mortality  and  non  neoplastic  changes.  Inciden¬ 
ce  cf  neoolasms,  mainly  malignant  lymphoma,  was  higher  in  all 
treated  groups  comoared  to  the  untreated  group  1.  This  gives 
an  indication  for  a  carcinogenic  effect  of  the  test  substance 
alone  and  -  as  expected  -  of  the  single  gamma  irradiation.  There 
was  no  diffar-^nt  incidence  of  neoplasm  bearing  animals  between 
jrouos  2,  3  and  4  till  the  termination  of  t.his  study.  Incidence 
of  malianant  Ivmohomas  alone  was  lower  in  the  combined  treated 
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grouo  than  in  the  irradiated  group  and  the  DADH  treated  group. 
This  gives  an  indication  for  a  suppressive  effect  of  DADH  on 
irradiation  induced  lymphomas. 


1 . INTRODUCTION 

The  test  substance,  N,  N ' -diacetyl-1 , 6-diaminohexane  is  an 
antitransf ormer  and  a  modulator  of  poly ( ADP-ribose ) syntheta¬ 
se.  It  was  the  aim  of  this  study  to: 

-  supply  tissue  samples  for  biochemical  experiments  and  to 

-  reveal  chronic  in  life  effects  of  the  test  substance 
alone  or  in  combination  with  gamma-irradiation. 

-  to  perform  a  pathological  exa.mination  of  the  treated  animals 
for  elucidating  a  possible  inhibitory  effect  of  the  test 
substance  to  induction  of  spontaneous  and  irradiation 
induced  neoplasms,  mainly  malignant  lymphomas. 

2  .M.ATS.RI.ALS  AND  EXPERIMENTAL  CONDITIONS 

2.1. Test  substance  : 

Name :  DADH 

Chemical  name:  N,  N ' -diacetyl-1 , 6-diaminohexane 
Other  Name:  N,  N ' -Hexamethylenbisacetamide 
Purity:  98% 

Lot  No.:  7715  HK 

Source:  Aldrich  Chemical  Company,  Inc.,  Milwaukee,  Wis  53233, 
USA 

Cat.  No.:  22,423-5. 

Storage:  In  the  refrigerator  at  about  +4  C. 

Appearance:  White,  cristalline  powder,  slight  odour. 
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Preparation  and  aoolication  of  the  test  substance: 

DADH  was  apolied  dissolved  in  the  drinking  water  in  a  con¬ 
centration  of  100  ppm  (100  mg  per  1).  Test  substance  solu¬ 
tions  were  prepared  freshly  once  a  week. 

Irradiation : 

Animals  of  group  3  and  4  were  gamma-irradiated  once  with 
1  Gy  from  a  60-Co  irradiation  plant.  Animals  were  irradiated 
on  day  15,  2  weeks  after  the  first  dosing  with  DADH. 

Animals ; 

C57  bl  mice. 

Source:  Charles  River  -  WIGA,  D3741.  Sulzfeld. 

20  mice  were  supplied  by  Institut  fur 
Versuchstierzucht ,  A-2325  Himberg  to  replace  males 
that  died  from  fighting, 
h’umoer  and  sex:  356  males  and  356  females. 

Age:  approx,  9  weeks  at  time  of  arrival  in  the  test  facility. 
Date  of  arrival  at  test  facility:  September  19,  1985  (20 
additional  mice  arrived  at  Oct.  8,  1985). 

Anim.al  husbandry  and  environmental  control: 

Hyciene:  behind  a  hygienic  barrier. 

Room  numbers:  B3-10,  animals  for  interim  sacrifice  term  A  and 
B  in  room.  No,  B3-11. 

Room,  tem.perature :  average  of  21*. 

Relative  humidity:  average  of  55%. 

•Air  exchange:  12/h. 

Light:  artificial  light  from  6  a.m.  to  6  p.m. 

Gages:  joint  caging  in  Makrolon  cages  type  III 

(39  cm  X  23  cm  x  15  cm).  Wire  mesh  lids.  Initially  10 
mice  were  caged  together.  From  Day  9  on  maximally  6  male 
.mice  were  caged  together  to  reduce  fiahting.  Ani.mal  num¬ 
ber  per  cage  was  reduced  gradually  by  taking  anim.als 
for  scheduled  sacrifices. 

Food:  -Mtromin  1314  ff,  gamjna  irr.adiated  with  10  kGy  bOCo, 
ad  lioitum.  Random  samoles  of  the  food  are  analysed  by 
.-Mtronin,  D-49  3  7  Lage . 

'■.'at.ir:  t.io  water  acidified  with  HCl  to  oH  5,  ad  libitum. 
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offered  in  .'-'akrolon  bottles  with  stainless  steel  canules  . 

Idantif ication :  Animals  were  not  identified  individually 
during  the  treatment  period.  Cages  were  labelled  with 
group  identification  patches.  Individual  labelling  with 
felt-tipped  pen  on  the  tail  v/as  performed  only  for  iden¬ 
tification  at  necropsy. 

Acclimatisation  oeriod:  10  days. 

2 . 5 .Groups,  treatment; 


group _ treatment _ 

1  untreated 

2  ICO  ppm  DADH  in  drinking  water 

2  a  single  gamma-irradiation  (1  Gy) 

on  Day  15 

4  100  ppm  DADH  in  drinking  water  during  the  whole 

life  span  plus  a  single  gamma-irradiation 
(1  Gy )  on  Day  15 

Doses  were  selected  by  the  principal  investigator  on  the 
basis  of  preliminary  experiments. 


2.  7.. Animal  numbers: 


G 

roup 

Animal 

Females 

Number 

Males 

( control ) 

1  -  89* 

101  -  189* 

2 

(  DADH  ) 

201  -  289* 

301  -  389* 

2 

( irrad . ) 

401  -  489* 

501  -  589* 

4 

(DADH,  irrad.) 

601  -  689* 

701  -  739* 

39  mice  of  each  sex  were  used  per  group.  Animals  for  schedu¬ 
led  sacrifice  were  assigned  with  a  plain  number  (e.g.  101, 
102),  animals  of  moribund  sacrifice  were  assigned  with  a 
nuPiOer  plus  preceding  y.  (e.g.  MlOl,  ''!102),  and  spontaneously 
died  tni.mals  were  assigned  with  a  number  plus  preceeding  T 
( e .c .  TIOI ,  T102  )  . 

* )  The  total  number  per  group  was  89  animals.  Scneduled  and 
:;icripund  sacrifices  and  spontaneous  deaths  were  assi'jned  in 
;>arail2l  starting  with  the  lowest  num.be r .  Therefore  t.he 
hinhest  Possible  number  was  not  reached  in  any  group. 
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8  .  T'^oe  and  f  reguency  of  observation: 

-enaviour  and  nhysical  signs  of  the  ani.tals  were  checked 
iaily  exceot  for  weekends.  Only  abnor:nal  findings  were  re¬ 
corded.  A  more  detailed  examination  was  oerformed  once  a 

WO  -  • 

9 . do  d  V  we i c  h  t : 

Body  weiaht  sum  of  animals  in  one  cage  was  determined  weekly 
nil  Day  48,  then  monthly.  Mo  body  weight  was  determined  of 
irnma^s  c:  sacrifice  term  A  and  B. 

1 J . Water  consumption: 

Water  consumption  was  calculated  by  weighing  the  bottles  in 
weekly  intervals.  Mo  water  consumption  was  calculated  of 
animals  of  sacrifice  term  A  and  B.  Determination  of  water 
consumption  was  performed  weekly  till  Day  37,  then  monthly. 

1 1 . haematology ; 

Blood  samoles  were  taken  from  all  males  (except  for  sacri¬ 
fice  date  A,  B  and  C)  on  tne  last  1-5  days  before  necropsy. 
Blood  samples  were  taken  from  the  retrobulbar  plexus  in 
ether  anesthesia. 

Parameters  -  netnods :  Red  and  white  cell  count,  mean  cell 
volume  of  red  and  white  blood  cells,  haemoglobin,  haemato- 
crit  by  Coulter  Counter,  model  ZF6 . 

Differential  white  cell  count  by  microscopical  analysis  of 
blood  smears  stained  according  to  Pappenheim. 

1 2 . Scheduled  sacrifices: 

To  gain  tissue  samples  for  biochemical  e.xaminations ,  animals 
were  sacrificed  at  scheduled  terms.  Randomly  selected  ani¬ 
mals  were  taken  out  of  the  groups  and  given  an  individual 
numoer  for  necropsy  and  sample  identification. 
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Tissues  taken,  procedures  and  results  of  the  biochmical  experi¬ 
ments  are  described  later. 


Term 

Date* 

Day* 

Animal  >3os  . 

A 

Oct. 14,  1985 

15 

1-4,  101-104,  201-204, 
301-304,  401-404,  501- 
504,  601-604,  701-704 

B 

Oct. 21,  1985 

22 

5-12,  105-112,  205-212, 
305-312,  405-412,  505- 
512,  606-612,  705-712 

r 

Dec.  9,  1985 

71 

13-20,  113-120,  213-220, 
312-320,  412-420,  512- 
520,  612-620,  712-720 

D 

■Ap  r  .  7  ,  19  8  6 

190 

21-28.  121-128,  221-228, 
321-328,  421-428,  521- 
528,  621-628,  721-728 

E 

Oct .  6 ,  1986 

372 

29-36,  129-136,  229-236, 
329-336,  429-436,  529- 
536,  629-636,  729-726 

F 

Dec.  9,  1986 

436 

37-44,  137-144,  237-344, 
337-344,  437-444,  537- 
544,  637-644,  737-744 

G 

Jan. 19,  1987 

477 

45-52,  145-152,  245-252, 
345-352,  445-452,  545- 
552,  645-652,  745-752 

H 

Feb. 16,  1987 

505 

53-60,  153-160,  253-260, 
353-360,  353-460,  553- 
560,  653-660,  753-760 

I 

Mar. 23,  1987 

540 

61-63,  161-168,  261-268, 
361-368,  461-468,  561- 
568,  661-668,  761-768 

T 

U 

Apr. 27,  1987 

575 

69-72,  169-179.  269-272, 
369-370,  469-470,  569- 
576,  669-674,  769-772 

*)  Males  were  killed  in  groups  of  two  on  the  days  indicated 
and  the  following  3  days  in  each  case,  females  in  groups  of 
four  on  monday  and  tuesday  of  the  following  week. 

Remaining  animals  were  euthanized  on  day  613. 

2.12  ..’'.oribund  sacrifices: 

.Animals  with  serious  and/or  life  threatening  lesions  or  a 
marked  loss  of  body  weight  were  killed  as  moribund. 

2.13.  ‘'iccroosy  and  nistological  examination 

All  ani.mals,  spontaneous  deaths  and  moribund  or  sciieduled 
sacrir'ice.T  'ver'?  dissected  and  exami.ned  macroscop ical ly  to 
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identify  gross  changes  or  tissue  masses. 

A  sample  of  the  spleen,  thymus  (except  for  animals  of 
sacrifice  term  A  and  B  and  those  with  complete 
thymic  involution),  raacroscopically  cnanged  organs  and 
tissue  masses  were  fixed  with  7%  formaldehyde,  trimmed 
and  embedded  in  paraplasc.  Sections  of  S^ura  were  stained 
with  hematoxilin/eosin/alcian  blue  and  examined  histopatho- 
logically  using  a  Zeiss-Universal  microscope. 

2.15 . Time  schedule; 

Animals  arrived  on:  September  19,  1985. 

Date  of  first  dosing:  September  30,  1985. 

Date  of  irradiation:  October  14,  1985  (some  animals  of 

interim  sacrifice  date  B  were  irradiated  from  October  15 
through  22,  1935). 

Date  of  last  sacrifice:  June  9,  1987. 

The  day  of  the  first  dosi.ng  with  DADH  was  called  the  first 
Day  of  experiment. 

2.16 . Bias  control: 

Assigning  of  animals  to  their  groups  was  performed  using 
random  numbers.  Cages  were  positioned  by  partial  randomi¬ 
sation  on  the  cage  racks.  Animals  for  interim  sacrifice 
were  taken  in  a  way  to  keep  a  constant  number  of  cages  and 
to  reduce  the  number  of  animals  per  cage. 

2 . 1 7 . Statistical  analvsis: 

Arithmetic  mean  and  standard  deviation  were  calculated 
and  are  presented  in  the  Tables.  The  one  way  analysis  of 
variance  followed  by  Scheffe  test  was  used  to  evaluate 
differences  between  means.  Countable  e/ents  were  analysed 
with  Chi-square  test  or  with  Fisher's  S-xact  test.  Males  and 
females  were  analysed  separately  except  for  the  patiiologi- 
cal  data.  ?=0.05  was  chosen  in  each  test.  A  significant 
difference  between  any  groups  is  marked  in  the  Tables. 

2.11.  2-.rchi'/es  : 

All  raw  data,  hleod  smears,  histoloaical  slides  and  a  copy 
of  tne  final  reoort  ar'i  retai.ned  for  a  period  of  12  vears. 
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-  11  - 

The  data  are  not  destroyed  without  the  prior  consent  of  the 
soonsor . 


I  3. RESULTS 


I 


3.1.  Body  weight  (Table  1,  Fig.  1,  2): 

There  were  some  scattered  significant  differences  in  body 
weights,  especially  in  female  mice,  but  there  was  no  group 
with  a  significant  lesser  body  weight  compared  with  the 
untreated  control  group  1.  None  of  the  treatments  had  there¬ 
fore  a  negative  influence  on  body  weight. 

3. 2.  Water  consumption  (Table  2,  Fig.  3,  4): 

There  was  no  significant  difference  in  mean 

water  consumption  between  the  different  groups,  except  for 
one  single  case,  which  is  not  regarded  to  be  of  importance. 
No  indication  for  a  poor  palatibility  of  DADH  solutions  can 
be  derived  from  this  data,  as  there  was  no  lower  water  con¬ 
sumption  in  the  DADH  treated  group. 

3 .3.  DADH  uptake  (Table  3): 

DADH  uptake  was  calculated  from  water  consumption  and  actual 
body  weight.  As  expected,  it  decreased  slightly  with  in¬ 
creasing  age  because  of  the  relatively  lower  water  consump¬ 
tion  of  elder  animals. 

3. 4.  Animal  observation  (Table  6): 

Fighting  was  a  major  problem  in  the  first  weeks  of  the  study 
and  cause  of  death  for  several  animals.  After  reducing  the 
number  of  males  per  cage  no  further  fighting  and  cannibalism 
was  seen. 

Except  for  this  the  most  important  changes  observed  were 
lesions  of  the  skin,  like  alopecia,  skin  ulceration  or  thik- 
kened  skin. 

None  of  the  changes  observed  is  attributable  to  any  kind  of 
treatment . 
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3 . 5 . Haematology  (Table  4): 

There  were  a  few  scattered  differences  in  haematology  parame¬ 
ters,  but  there  is  no  indication  for  a  haematologic  effect  of 
any  kind  of  treatment, 

3 . 6 . Mortality : 

Number,  group  and  time  of  death  of  the  spontaneously  died 
animals  and  of  the  moribund  sacrifices  are  listed  in  Table  5, 
the  actual  number  of  animals  in  the  study  at  any  time  is 
given  in  Figs.  5  and  6. 

There  was  no  significant  difference  in  the  total  number  of 
unscheduled  deaths  between  the  groups .  More  males  than  fema¬ 
les  died  spontaneously  in  all  groups.  Main  causes  of  death 
of  the  spontaneously  died  animals  were  neoplasms.  Main  rea¬ 
son  for  moribund  kill  was  obvious  lethargy  and  serious  der¬ 
mal  changes. 

3. 7.  Necropsy  findings  (Tables  7  and  8): 

Except  for  two  congenital  changes  (kidney,  hypoplasia  and 
aplasia)  and  several  tissue  masses,  the  most  prominent  fin¬ 
ding  were  white  foci  on  the  liver. 

None  of  the  these  changes  gives  an  indication  for  a  treatment 
related  effect. 

3 . 8  .Histopathology  findings  (Tables  9,  10  and  11): 

Non  neoplastic  lesions  were  found  in  several  animals  of  all 
groups.  A  statistical  comparison  between  the  groups  was  only 
possible  for  changes  of  the  spleen,  as  in  all  other  cases 
the  number  of  examined  organs  was  not  representative  and 
there  was  no  random  selection  of  tissues.  None  of  the  non 
neoplastic  lesions  gives  an  indication  for  an  effect  of 
any  kind  of  treatment. 

Skin  changes  and  focal  liver  necroses  possibly  indicate  a 
chronic  bacterial  infection. 

Renal  amyloid  deposits  were  seen  in  nearly  all  samples  of 
mice  in  the  last  months  of  the  experiment,  indicating  a  very 
high  incidence  of  this  change. 

The  most  frequent  neoplasms  observed  were  different  types 
of  the  malicnant  Ivmohoma. 
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Only  single  cases  of  other  neoplasms  were  found  except  for 
lymphomas.  As  only  grossly  identified  tissue  masses  were 
examined  microscopically,  no  tumors  of  incretory  glands  or 
of  the  brain  have  been  found  and  the  total  number  of  tumors 
described  in  tissues  except  for  spleen  and  thymus  does  not 
represent  the  total  number  effectively  present. 

Tumor  incidence  was  lowest  in  the  untreated  control  group  1. 
It  was  higher  in  the  other  three  groups. 

3 . 9 . Miscellaneous : 

Cannibalism  victims,  died  within  the  first  days  of  the  study, 
have  been  replaced  by  additional  animals  between  Day  9  and 
15. 

4 .CONCLUSION 


There  is  no  evidence  for  a  treatment  related  effect  on  bodyweight, 
water  consumption,  haematology,  clinical  signs,  and  non  neo¬ 
plastic  pathological  lesions. 

The  number  of  animals  with  any  kind  of  neoplasm  is  lowest  in 
the  untreated  control  group  1,  compared  to  all  treated  groups. 

Incidence  of  malignant  lymphoma  is  increased  in  DADH  treated 
group  2  and  in  the  irradiated  group  3  compared  to  the  untreated 
control  group  1.  Though  there  is  no  statistical  signif icance , 
incidence  of  malignant  lymphoma  in  the  group  4  with  combined 
treatment  (DADH  plus  irradiation)  is  lower  than  in  both  groups 
2  and  3.  This  gives  an  indication  for; 

-  a  carcinogenic  effect  of  the  treatment  with  DADH  alone. 

-  a  carcinogenic  effect,  as  expected,  of  a  ringle  gamma 
irradiation  with  1  Gy. 

-  a  inhibitory  effect  on  lymphoma  induction  by  combined 
treatment  with  DADH  and  gamma  irradiation. 
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Table  1:  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransfor¬ 
mers  in  cell  cultures. 

Body  weight  data  (g) . 

Data  are  presented  by  mean/standard  devation 


FEMALES 


Day 

Group  1 

Group  2 

untreated 

DADH 

1 

18.5/0.2 

18.0/0.3 

8 

19.4/0.4 

19.2/0.3 

15 

21.4/1.4 

19.3/1.1 

22 

20.4/0.2 

13.9/3.6 

29 

21.1/0.4 

20.7/0.2 

36 

21.4/0.3 

21.1/0.2 

43 

21.7/0.3 

21.1/0.9 

50 

22.1/0.3 

21.8/0.4 

57 

22.3/0.2 

21.7/1.1 

64 

22.5/0.6 

22.0/1.3 

95 

24.4/0.4 

24.0/0.3 

127 

25.0/0.3 

24.8/0.4 

155 

25.6/0.3 

25.3/0.4 

204 

26.4/0.5 

26.0/1.1 

234 

26.6/0.6 

26.6/0.4 

260 

26.8/0.6 

27.5/1.8 

288 

27.2/0.7 

27.0/0.4 

316 

27.0/1.4 

26.5/2.9 

345 

27.9/0.3 

27.2/2.0 

386 

27.5/0.7 

27.8/0.7 

420 

27.7/0.7 

28.5/1.6 

470 

27 . 5/0.9 

27.6/0.8 

498 

27.4/1.0 

27.0/0.8 

526 

27.3/1.2 

28.9/0.8 

554 

27.8/2.7 

29.5/1.6 

sign .  * 

:  significant 

differences 

Group  3  Group  4  sign.* 

irrad.  DADH,irrad. 


18.4/0.5 

18.2/0.9 

- 

19.5/0.5 

15 . 6/0 . 6 

- 

20.0/0.5 

20.8/1.0 

1-2 

20.6/0.5 

20,3/0.2 

- 

21.3/0.4 

21.0/0.3 

2-3 

21.3/0.3 

20.9/0.2 

1-4, 3-4 

21.6/0.4 

21.4/0.7 

- 

22.5/0.4 

22.3/0.2 

2-3 

22.7/0.5 

22.5/0.3 

2-3 

22.7/0.6 

22.4/0.3 

- 

24.2/0.6 

24.2/0.3 

- 

24.9/0 . 5 

25.0/0.5 

- 

25.8/0.6 

25.8/0.3 

- 

27.0/0.8 

27.3/0.6 

2-4 

27.8/0.9 

28.5/1.0 

1- 3, 1-4, 

2- 3, 2-4 

28.5/0.8 

29,0/1.0 

1-4 

29.0/1.2 

28.9/1.3 

1- 3, 1-4, 

2- 3, 2-4 

29.2/1.2 

28.7/2.0 

- 

29.1/1.1 

29.6/1.6 

2-4 

28.8/1.0 

29.3/1.1 

1-4 ,2-4 

29.2/1.3 

29 .5/1.9 

- 

29.0/1.0 

28.7/1.2 

1-3 

28.9/0.7 

27.9/0.6 

2-3 

30.0/1.9 

29.3/1.0 

1-3, 2-3 
1-4 

30.8/1.4 

28.4/1.2 

- 

between  < 

groups  indicated 
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Table  1 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that 
are  antitransf ormers  in  cell  cultures. 

Body  weight  data  (g). 

Data  are  presented  by  mean/standard  devation. 


MAES 


Day 

Group  1 
untreated 

Group  2 
DADH 

Group  3 
irrad. 

Group  4 
DADH , irrad . 

sign .  * 

1 

21 . 4/0 . 4 

21.6/0.4 

21.3/0.9 

21.4/0,5 

3 

22.4/0.5 

22.6/0.3 

22.4/0.7 

22.6/0,5 

- 

15 

23.1/1.0 

20.8/1.6 

22,1/2.1 

24,9/1.7 

1- 2, 1-4 

2- 4, 3-4 

22 

23.5/1,8 

23.9/0.6 

23.7/0.9 

23.5/0.7 

- 

29 

24.8/0.8 

24.3/0,4 

24.9/0,5 

24.4/0.7 

- 

36 

25.1/1.0 

24.2/0.6 

24,9/0.7 

24.3/0.7 

1-2 

43 

25.4/1.3 

25.1/0.4 

25.3/0.5 

24.9/1.0 

- 

50 

26.0/1.6 

25.5/0.8 

25.6/0.6 

25.0/0.9 

- 

57 

26.2/1.4 

25.9/0.3 

25.9/0.5 

25.4/0.9 

- 

64 

26.8/1,3 

26.4/0.7 

26.2/0.7 

25.7/1.4 

- 

95 

23.4/2.1 

27,6/0.3 

27.8/0.4 

27.5/1.1 

- 

127 

29.1/2.2 

28.4/0.8 

28.5/0.5 

27.7/1.5 

155 

29.9/2.2 

29.2/0.9 

29.7/0.6 

29.1/1.4 

- 

204 

30.9/2.2 

30.9/1.3 

30.4/0.8 

29.9/1.7 

- 

234 

32.4/2.0 

32.2/1.6 

31.7/1.3 

31.2/1.7 

- 

260 

32.5/2.3 

32.7/1.7 

32.4/1.1 

32.3/1.9 

- 

283 

33.6/2,3 

33.3/1.9 

32.9/1.4 

31.8/1.3 

- 

316 

33.6/2.5 

33.6/2.3 

32.7/1.9 

32.1/1.9 

- 

345 

33.7/2.2 

33.9/1.9 

32.9/1.2 

32.6/2.2 

- 

386 

33.3/2.7 

33.3/1.8 

32.3/0.9 

32.4/2.4 

- 

420 

33.3/2.6 

33.0/1.6 

32.0/0.9 

31.6/2.1 

- 

470 

32.6/2.4 

32.4/1.2 

32,2/1.0 

31.7/1.9 

- 

498 

32.2/2.5 

30.9/1.2 

31.6/1.4 

30.2/1.6 

1-4 

526 

31.3/2.9 

33.5/1.8 

32.8/1.7 

32.6/2.7 

- 

554 

32.7/2,8 

32.3/2.9 

32.3/2.0 

31.3/1.1 

- 

sign.*:  significant  differences  between  groups  indicated 
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Table  2;  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransf or- 
mers  in  cell  cultures. 

Water  consumption  (ml  per  day  per  animal) 

Data  are  presented  by  mean/standard  devation. 

FEMALES 


Week 

before 

Day 

Group  1 
untreated 

Group  2 
DADH 

Group  3 
irrad . 

Group  4 
DADH , irrad . 

sign 

4 

4. 3/0. 4 

4. 1/0. 4 

4. 3/0. 3 

4. 2/0. 4 

_ 

11 

4 .1/0 .2 

4. 3/1.0 

4. 1/0. 2 

4 ,2/0.2 

13 

4. 0/0. 3 

4 . 2/0.2 

4. 1/0. 3 

4 .2/0 .2 

25 

3. 7/0. 4 

3. 8/0. 5 

3. 9/0. 3 

4 ,0/0.2 

32 

4. 2/0.1 

4. 0/0. 5 

4. 2/0.1 

4. 0/0. 3 

- 

3  9 

4. 1/0. 3 

4 .1/0.4 

4. 3/0. 2 

4. 2/0. 4 

- 

4  3 

4 .1/0 .3 

4 .1/0.5 

4. 3/0. 2 

4. 0/0. 2 

- 

53 

4 .4/0.2 

4. 2/0. 4 

4. 1/0. 2 

4. 0/0, 2 

- 

60 

4. 3/0. 2 

4 .0/0.7 

3. 9/0. 2 

3, 9/0. 2 

- 

67 

4. 4/0. 3 

4 ,0/.06 

4. 1/0. 2 

4 .0/0.2 

102 

4 .3/0 .3 

4 .1/0 .5 

4, 0/0. 4 

3. 9/0. 2 

137 

4. 8/0, 2 

4. 4/0. 5 

4 .3/0.4 

4  ,0/0.3 

165 

4. 4/0. 2 

4 .3/0.5 

4. 2/0. 2 

4. 1/0.1 

207 

4 .7/0.3 

4. 7/0. 4 

4. 3/0. 3 

4 .1/0.1 

• 

235 

4. 2/0. 3 

4. 3/0. 4 

3. 9/0. 3 

4. 0/0. 2 

263 

3. 9/0. 2 

4 .2/0.4 

3. 9/0. 2 

3. 8/0. 3 

291 

3. 7/0. 3 

3 .9/0.5 

3. 5/0. 4 

3. 6/0. 3 

319 

3. 6/0. 3 

3. 6/0. 4 

3. 5/0. 3 

3. 4/0. 3 

347 

3. 7/0. 2 

3. 6/0, 3 

3. 6/0. 2 

3. 4/0. 2 

239 

4  .2/0.4 

3 .7/0.6 

4. 0/0. 5 

3. 8/0. 3 

424 

4. 0/0. 3 

4. 0/0. 4 

4. 1/0, 9 

3. 7/0. 3 

• 

473 

5 .0/1 .0 

4. 6/0. 5 

5. 3/0. 9 

4. 1/0. 4 

3-4 

501 

5. 3/1.0 

5. 3/0. 8 

6. 1/1. 5 

4. 6/0. 4 

3-4 

529 

7. 3/2. 5 

6. 7/1. 3 

8. 5/2. 5 

6 . 0/1.4 

- 

sign.*:  significant  differences  between  groups  indicated 
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Table  2 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  are 
antitransformers  in  cell  cultures. 

V/ater  consumption  (ml  per  day  per  animal). 

Data  are  presented  by  mean/standard  devation. 

MALES 


Week 

Group  1 

Group  2 

Group  3 

Group  *5 

si' 

before 

untreated 

DADH 

irrad. 

DADH , irrad . 

Day 

4. 2/0. 4  4 

.1/0.34 

4 

.5/0.23 

4.2/0.34 

1  1 

13 

4 .1/0 .3 

4 .0/0.3 

3. 8/0. 4 

3. 9/0. 5 

- 

25 

3. 9/0. 5 

3. 7/0. 5 

3. 7/0. 7 

3 .9/0 .9 

- 

32 

4 . 0/04  . 

3. 7/0. 7 

3. 9/0. 3 

3. 7/0. 6 

- 

39 

4. 0/0. 5 

3 . 7/0 . 6 

4. 0/0. 3 

3. 8/0. 5 

- 

46 

j  .3/0  #6 

3. 6/0. 5 

4. 0/0. 3 

3. 6/0. 6 

- 

53 

4. 0/0. 6 

3.8/0 . 7 

4. 0/0. 4 

3. 7/0. 5 

- 

60 

3. 8/0. 5 

3. 6/0. 6 

3. 8/0. 3 

3. 6/0. 5 

- 

67 

4. 1/0. 6 

3.9/0 . 6 

3. 9/0. 3 

3. 8/0. 6 

- 

102 

4, 1/0. 8 

3. 7/0. 6 

3. 9/0. 2 

3. 6/0. 5 

- 

137 

4. 1/0. 7 

3. 9/0. 5 

3. 8/0. 4 

3. 8/0. 8 

- 

165 

3. 9/0. 7 

3. 9/0. 6 

3. 7/0. 4 

3. 8/0. 7 

207 

4 .5/1.4 

4. 1/0. 4 

4 .0/0.3 

4. 2/1.1 

- 

235 

3 .9/0.6 

4. 0/0. 6 

3.8/0. 3 

4. 2/0. 6 

- 

263 

4 .1/1.4 

3. 8/0. 3 

3. 7/0. 2 

4 .0/0 .8 

- 

291 

3. 6/1.0 

3. 5/0. 6 

3. 2/0. 4 

3. 4/0. 6 

-> 

319 

3. 4/0. 7 

3. 3/0. 4 

3.2/0. 3 

3 .4/0 .6 

- 

347 

3. 4/0. 7 

3. 3/0. 5 

3. 2/0. 3 

3. 4/0. 6 

- 

289 

3. 5/0. 9 

3. 7/0. 6 

3. 5/0. 4 

3. 8/0. 7 

- 

424 

3. 8/0. 7 

4 . 0/0.9 

3. 9/0. 9 

4. 2/0. 9 

- 

472 

4. 5/1. 2 

5. 5/1. 5 

4. 8/1. 8 

5. 0/1. 6 

- 

501 

5. 3/2.0 

6. 3/2. 3 

5. 3/2.0 

5.8/2 .0 

- 

529 

5. 1/2. 7 

3 . 0/3 . 3 

6. 1/2. 3 

7. 3/3. 5 

- 

sign .  * 

:  significant 

differences 

between 

groups  indicated 
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Table  3;  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransf or- 
mers  in  cell  cultures. 

Calculated  DADH  uptake  (mg  DADH/kg  bodyweight/day ) . 


MALES 


Day 

Group  2 

Group  4 

DADH 

DADH , irrad 

1 

19 

20 

15 

19 

16 

22 

15 

17 

29 

15 

15 

36 

15 

16 

43 

14 

14 

50 

15 

15 

57 

14 

14 

64 

15 

15 

95 

13 

13 

204 

13 

14 

234 

12 

13 

260 

12 

12 

288 

11 

11 

316 

10 

11 

345 

10 

10 

386 

11 

12 

420 

12 

13 

470 

17 

16 

7 


-  19 
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Table  3 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  are 
antitransformers  in  cell  cultures. 

Calculated  DADH  uptake  (rag  DADH/kg  bodyweight 
/day )  . 

FEMALES 


Day 

Grouo  2 

Group  4 

DADH 

DADH , irrad 

1 

23 

23 

8 

22 

27 

15 

22 

20 

22 

20 

19 

29 

19 

19 

36 

19 

20 

43 

19 

19 

50 

19 

18 

57 

18 

17 

64 

18 

18 

95 

17 

16 

204 

18 

15 

234 

16 

14 

260 

15 

13 

288 

14 

12 

316 

14 

12 

345 

13 

11 

386 

13 

13 

420 

14 

13 

470 

17 

14 

/ 


-  20  - 
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Table  4;  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransf or- 
mers  in  cell  cultures. 

Haematology  data.  Data  are  oresented  by  mean  and  stan¬ 
dard  deviation. 


Term:D  Day:  191-193 


Parameter 

Grouo  1 

Group 

2  Group  3 

Group  4 

sign 

erythrocyte!S 

4.49 

4.18 

4.27 

4 .18 

0 .37 

0.25 

0.56 

0,38 

mean  cell  volume, 

61.3 

60.4 

60,4 

60.9 

erythrocytes ( f 1 ) 

3.2 

2.3 

3.3 

2.4 

leukocytes 

4.7 

4.7 

5.6 

4.5 

(10^/1) 

1.9 

1.0 

4.5 

1.0 

mean  cell  volume. 

73.3 

66.3 

68.3 

69 , 5 

leukocytes ( f 1 ) 

7.7 

5.7 

7  .  7 

6.1 

haemoglobin 

15.5 

14.8 

14.8 

14.7 

(g/1) 

0.9 

0.8 

0.5 

0.6 

packed  cell 

not  measured  at 

this  term 

volume  (%) 

differential  count 

(%)  : 

neutrophils 

4.1 

4.5 

4.4 

6.0 

2.7 

3.7 

3.9 

3.4 

lymphocytes 

93.6 

95.0 

93.1 

93.1 

_ 

4.2 

3.7 

6.2 

4.0 

eosinophils 

0 

0 

0 

0 

— 

monocytes 

0 

0 

0 

0 

sign,*:  significant  differences  between  groups  indicated 
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Taxjle  4 ,  cont .  :  Animal  experiments  and  pathology  in: 

Animal  studies  on  the  mode  of  action  of  agents, 
that  are  anti  transformers  in  cell  cultures. 
Haematology  data.  Data  are  presented  by  mean  and 
standard  deviation. 


Term : S  Day ; 3  G  6 


Parameter 

GrouD  1 

Grouo  2 

Group  3 

Group  4 

sian 

^  - 

ervthrocvtes 

4 .37 

4.39 

4.87 

4 .78 

_ 

(lO'^'^/i  ) 

0 . 39 

0.96 

1.96 

1.56 

mean  cell  volume, 

60.4 

60.3 

61 . 8 

62 . 5 

_ 

erythrocytes ( f 1 ) 

1.1 

1.9 

2.0 

2.1 

leukocvtes 

7.21 

7.3 

7.3 

6.8 

— 

(10  /I) 

1.0 

1.0 

1 . 3 

0.8 

mean  cell  volume. 

68.3 

76.9 

82.5 

71 . 3 

1-3 

leukocytes ( f 1 ) 

5.4 

8.9 

10.5 

7 . 5 

haemoclobin 

14.2 

13.3 

13.8 

13.4 

_ 

(g/i) 

0.4 

1.1 

0.3 

0.5 

oacked  cell 

0.24 

0.25 

0.28 

0.28 

- - 

volume  ( % ) 

0.02 

0.06 

0.09 

0.10 

differential  count 

{  %)  : 

neutroDhi Is 

5.3 

7.1 

4.5 

5.4 

- - 

5 . 0 

4.2 

•  .3 

4  .  3 

lymo'noc  vtes 

94.1 

91.0 

9  .4 

92.0 

— 

4.9 

5.2 

-..7 

5 . 0 

eosinoonils 

0 . 6 

0.9 

0 . 6 

0.9 

— 

0 . 7 

0.8 

0.9 

1.4 

monoc vtes 

0 . 1 

1.1 

0.5 

1.3 

— 

0.4 

1.4 

1.1 

0.9 

s  icjn  . 


:  significant  differences  between  groups  indicated 


AFOSR 

TO  _ 


Taola  4  ,  coat .  :  Aniaial  experiments  and  pathology  in: 

Animal  studies  on  the  mode  of  action  of  agents, 
that  are  antitransformers  in  cell  cultures. 
Haematology  data.  Data  are  presented  by  mean  and 
standard  deviation. 


Term:F  Day:  429 


Parameter 

Group  1 

GrouD  2 

Group  3 

Group  4 

sign . * 

ervthrocvtes 

3.53 

3.32 

3.25 

3.32 

^  ^ 

0.28 

0.29 

0.35 

0.32 

mean  cell  volume, 

68.5 

68.3 

68.0 

67.1 

^  ^  . 

erythrocytes ( f 1 ) 

2.0 

1 . 5 

0 . 3 

1.5 

leukocvtes 

00 

7.5 

6.7 

7.1 

.... 

(10°/1) 

2.0 

0.9 

1 . 0 

3.4 

mean  cell  volume. 

102 . 6 

95.8 

86 . 0 

90.5 

leukocytes ( f 1 ) 

22.9 

17.0 

12.7 

12.4 

haemogloDin 

14 . 6 

14.1 

14.6 

13.3 

— 

^g/1) 

0  .  5 

0 . 6 

0.9 

1.7 

packed  cell 

0.22 

0.21 

0.20 

0.20 

volume  ( % ) 

0 .02 

0.02 

0.02 

0.03 

differential 

count  ( % '  : 

neutroohils 

7 . 0 

4.9 

6.6 

4.4 

^ 

2.6 

4.4 

3.9 

5.8 

1 ymphocvtes 

91.9 

93.3 

92.3 

94.5 

— 

2.9 

5.3 

4.9 

7.3 

eosi.nonhils 

0 . 6 

1.3 

0.9 

1 . 6 

— 

0.9 

1  .0 

2 . 1 

2.4 

monocytes 

0 . 5 

0.6 

0 . 5 

0 . 3 

— 

0 . 8 

0.5 

0.5 

0 . 5 

sign.*:  significant  differences  between  groups  indicated 
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Table  4  ,  cont .  :  Aninial  experiments  and  pathology  in : 

Animal  studies  on  the  mode  of  action  of  aaents, 
that  are  antitransf ormer s  in  cell  cultures. 
Haematology  data.  Data  are  presented  by  mean  and 
standard  deviation. 


m  Os'‘^**473 


Param.Gter 

GrouD  1 

Group  2 

GrouD  3 

Grouo  4 

sign.* 

ervthi^oc  vtes 
(  10  “/l') 

3.64 

0 .19 

3.43 

0 .44 

3 .34 
0.20 

3 .14 

0  .33 

1-4 

mean  cell  volume, 

bV  .6 

67 . 3 

57.4 

66 . 3 

erythrocytes ( f 1 ) 

2 . 7 

2.7 

3  .  6 

1.4 

leukocvtes 

5 . 6 

5.6 

4.4 

6 . 3 

3-4 

{lo"’/!) 

1  .  4 

1.5 

1 . 1 

1.0 

mean  cell  volume, 

32.9 

79.9 

31.1 

34 .8 

leukocytes ( f 1 ) 

11 . 5 

6 . 6 

9.8 

10.2 

haemoclobin 

14.1 

14.0 

13  .  5 

13.3 

^  — 

(g/i  ) 

0.8 

0.7 

0.8 

1.3 

packed  cell 

0.23 

0.22 

0.21 

0.19 

1-4 

volume  ( % ) 

0.02 

0.04 

0.02 

0.20 

differential  count 

(%)  : 

neutroohils 

7 , 6 

5.4 

6.5 

2.6 

— 

5.7 

3.0 

9  .4 

2.3 

lymphocytes 

90.8 

93.3 

91.9 

97  .4 

— 

7.0 

3.4 

10.1 

2.8 

eosinoohils 

0.8 

0.5 

0.25 

— 

— 

1.0 

0.5 

0 . 5 

— 

monoc vtes 

0.9 

0 . 5 

1.4 

0 . 4 

— 

0.8 

0.5 

0.9 

1 . 0 

sign.*:  significant  differences  between  groups  indicated 


Taole  4 ,  cont  .  :  Animal  experiments  and  pathology  in: 

Animal  studies  on  the  mode  of  action  of  agents, 
that  are  antitransformers  in  cell  cultures. 


haematology 

data.  Data 

are  or 

esenteu  bv 

mean  and 

St 

andard 

dev 

iation . 

Te  rm : H 

D  a  y  :  5  0 

J. 

Parameter 

Grouo 

1 

Grouo  2 

Grouo 

3  Group 

4  sign. 

ervthrocvtes 

; 10  /i ) 

3 .53 
0.40 

3.43 

0,20 

3 .30 
0.20 

3  .24 

0 .23 

— 

mean  cell  volume. 

6  7.3 

65.6 

67.9 

6  5.8 

—  .  — 

erythrocytes ( f 1 ) 

3  .  5 

1.2 

4  .  4 

1.2 

leukocvtes 

*7  .1 

!  • 

7.4 

6  . 1 

6.1 

.  ..  .. 

{10°/1) 

I  .  6 

1.1 

1.3 

1 ,  3 

mean  cell  volume. 

86.9 

85.0 

88.9 

30.8 

_  , 

leukocytes ( f 1 ) 

12.6 

3,0 

11.8 

8 . 5 

haemoalobin 

14.0 

14.0 

13.4 

13.3 

..... 

^'g/i  ) 

0.9 

0.5 

1.0 

0 . 3 

packed  cell 

20 . 5 

19.1 

19.1 

18.0 

... 

volume  ( % ) 

2.9 

1.1 

1 . 6 

1.6 

differential  count 

(  1 )  : 

neutrophils 

4.8 

5.5 

5.5 

5 . 5 

... 

4.7 

3.3 

5.6 

3.6 

lymphocytes 

94.0 

93.5 

94.3 

93.8 

— 

5.4 

4.2 

6.0 

3.4 

eosinoohils 

0,4 

0.5 

0.1 

0.1 

— 

1,0 

0.8 

0.4 

0.4 

monocytes 

0.9 

0.4 

0.1 

0 . 6 

— 

0.6 

0.7 

0.4 

1 . 0 

sign,*:  significant  differences  between  groups  indicated 
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Tabl^  4 ,  cont .  ;  Aniaiai  experiments  and  pathology  in: 

Animal  studies  on  the  mode  of  action  of  agents, 
that  are  antitransformers  in  cell  cultures. 
Haematology  data .  Data  are  presented  by  mean  and 


St 

Term : I 

Parameter 

andard  deviation. 

Day  :  5  3  6 

Group  1  Group  2 

Group  3 

Group  4 

sign 

ervthrocvtes 

3 . 68 

3.56 

3.62 

3.39 

Uo  ^/i) 

0.28 

0.47 

0.27 

0.33 

mean  cell  volume, 

65 . 5 

64.8 

65.3 

64.5 

—  —  — 

erythrocytes ( f 1 ) 

1.4 

0.7 

1.7 

0.53 

leukocytes 

7.9 

6 . 3 

7 . 5 

5.1 

1-4 

(10^/1) 

1.7 

2.3 

0 . 5 

2.0 

mean  cell  volume. 

77.5 

84.1 

80.9 

76.9 

•  ^  » 

leukocytes ( f 1 ) 

5.2 

10.7 

5.9 

6 . 6 

haemoglobin 

13.7 

13.1 

14.0 

12.6 

(g/1) 

0.84 

2.1 

0 . 5 

1.7 

packed  cell 

20 . 7 

19.9 

20.1 

18.9 

volume  ( % ) 

2.0 

2.5 

1.2 

1.9 

differential  count 

(  %  )  : 

neutrophi 1 s 

8.8 

6.6 

8.4 

6.4 

.  — 1  ^ 

3 . 5 

4.6 

4.3 

5.6 

1 ymphocytes 

89 . 5 

92.0 

90.9 

92.9 

— 

3 . 6 

4.3 

4.9 

5.8 

eosinopnils 

0 . 5 

0 . 5 

0.6 

0 . 4 

— 

0  .  5 

0.5 

0.7 

0 . 5 

monocytes 

1.2 

0.6 

0.1 

0 . 5 

— 

1.6 

0.7 

0.4 

0 . 5 

3i.7n.*:  significant  differences  between  groups  indicated 


I 
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Table  5 ;  Animal  experiments  and  pathology 
on  the  mode  of  action  of  agents, 
T.ers  in  ceil  cultures. 

Mumber  and  time  of  death  of  spon 
moribund  sacrifices.  Females. 


Group  1 

( control ) 

Group 

Animal 

Day  of  death 

Animal 

Mo. 

Mo. 

M.  1 

197 

M  201 

2 

282 

M  2  02 

M  3 

338 

H  20  3 

-M  4 

414 

M  204 

M  5 

414 

M  205 

:■!  6 

436 

M  2  06 

M  7 

434 

M  2  07 

M  8 

512 

M  206 

M  9 

512 

M  2  09 

M  10 

569 

M  210 

M  211 

M  212 

M  213 

M  214 

M  215 

T  1 

382 

T  201 

T  2 

533 

T  202 

in:  Animal  studies 
that  are  antitransfor 

aneous  deaths  and 


(DADH) 

Day  cf  death 


31 

113 

351 

432 

484 

541 

554 

554 

555 
562 
533 
583 
589 
598 
618 

358 

613 


Table  5,  cont.:  Animal  experiments  and  pathology  in:  Animal 

‘  studies  on  the  mode  of  action  of  agents,  that  are 

anti  transformers  in  cell  cultures. 

'lumber  and  time  of  death  of  spontaneous  deaths 
and  moribund  sacrifices.  Females. 


Group  3 

( irrad . ) 

Group  4 

(DADH,  irrad.) 

Animal 

Day  of  death 

.Animal 

Day  of  death 

Mo. 

No. 

M  4  01 

283 

M  601 

149 

M  402 

345 

M  602 

409 

M  40  3 

414 

M  603 

414 

M  4  04 

414 

M  604 

470 

M  4  05 

414 

M  6  0  5 

491 

M  406 

414 

M  6  0  6 

526 

M  40  7 

414 

M  607 

562 

M  4  08 

449 

.M  608 

589 

M  4  09 

512 

M  6  09 

618 

M  410 

515 

M  610 

613 

M  411 

524 

M  611 

618 

M  412 

569 

M  413 

593 

M  414 

598 

T  401 

513 

T  601 

519 

T  402 

582 

T  602 

540 
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Table  5 ,  cont . :  Aninal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  ar 
antitransformers  in  cell  cultures. 

■-•lumber  and  time  of  dearh  of  spontaneous  deaths 
and  moribund  sacrifices.  Males. 


Group  1  (control)  Group  2  (DADH) 


Animal 

Day  of  death 

Animal 

Day  of  deat.h 

-No  . 

No. 

M  101 

484 

M  301 

190 

M  102 

491 

M  302 

358 

-•■1  103 

519 

M  3  03 

319 

M  3  04 

506 

M  305 

540 

M  306 

543 

-M  307 

551 

M  308 

555 

M  3  09 

557 

T  101 

225 

T  301 

326 

T  102 

456 

T  302 

396 

T  103 

540 

T  303 

456 

T  104 

551 

T  304 

4  56 

T  105 

551 

T  305 

509 

T  306 

523 
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Table  5 ,  cont .  :  Aniaial  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  are 
antitransf ormers  in  cell  cultures. 

Number  and  time  of  death  of  spontaneous  deaths 
and  moribund  sacrifices.  Males. 


Group  3 

( irrad . ) 

Group  4 

{ DADH ,  irrad . ) 

Animal 

Day  of  death 

Animal 

Day  of  death 

No . 

No . 

M  501 

204 

M  701 

143 

M  5  02 

444 

M  70  2 

414 

M  503 

485 

M  70  3 

536 

M  5  04 

512 

M  70  4 

536 

;•!  505 

533 

M  70  5 

537 

M  7  06 

537 

M  707 

540 

M  708 

541 

M  7  09 

554 

M  710 

557 

M  711 

662 

M  712 

662 

T  501 

484 

T  701 

400 

T  502 

484 

T  702 

425 

T  503 

505 

T  703 

540 

T  504 

505 

T  505 

531 

T  50  6 

540 
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':able  6 :  Animal  experiments  and  pathology  in:  Animal  studies 

on  tne  mode  of  action  of  agents,  that  are  antitransf or- 
mers  in  cell  cultures. 

Animal  ooservation. 

D.ita  are  presented  by  number  and  sex  of  affected  animals 
: 3av  of  observation  ) . 


?  in  d  i 

no 

Grouo  1 

Grout)  2 

Group 

3 

Grouo  4 

Cannibalism 

1  m  (57) 

some  m  ( 3 ) 

___ 

1  f 

(3) 

i  c  t  i 

ns 

1  m  each 
(15,  22, 

29,  37) 
some  m  (45) 

1  f  (15) 

1  m 

(15) 

Alopecia 

some  f ( 57 , 

some  f ( 57 , 

some 

f  (43, 

some 

f  (50, 

95,  101, 

64,  71, 

78, 

101 , 

57, 

89, 

127,  204, 

101,  127, 

127, 

204  , 

101, 

127, 

224,  260, 

203,  234, 

234  , 

260  , 

204  , 

234, 

283,  317, 

260,  288, 

238, 

317, 

260, 

288, 

331,  345, 

317,  345, 

331  , 

34  5) 

317, 

331, 

386),  some 

394),  some 

some 

m  {  5  7  , 

345) 

,  some 

ni(  127,2  88  , 

m(43,  57, 

101, 

127, 

m(  57 

,  31, 

317,  331, 

73,  101 , 

204  , 

260, 

101, 

127, 

2  4  5  ) 

127,  204, 

233  , 

317, 

204  , 

234, 

224,  260, 

321, 

34  5  ) 

260  , 

288  , 

263,  317, 

317, 

331, 

331,  345) 

345  ) 

Skin 

ulcer 

1  f ( 372'  , 

— 

1  f (346) , 

1  f(400) 

2  f ( 379  )  , 

1  f ( 356  )  , 

1  f(408) 

1  f (  386  )  2  f (  372)  , 

2  f ( 379  )  , 

2  f ( 386  )  , 

1  f  (  400 )  , 

2  f ( 408  )  , 

2  f ( 410  )  , 

1  m{ 372 ) , 

1  m(415) 

Tail,  thickened  -  some  m  (22)  -  1  m(50) 

.'i'-.ici ,  tr.ickened  1  :;1(500,’  -  -  1  m(394) 

1  m  (  3  9  7  ) 

timos  lame  1  f''408)  -  1  f(408)  - 

1  f { 436 ; 

1  i  c  j  -  -  -  1  m  (  “■  1 ) 
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Table  7:  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransfor¬ 
mers  in  cell  cultures. 

Necropsy  findings  of  scheduled  sacrifices. 

Data  are  presented  by  number  of  affected  animals. 


Finding 

Grouo  1 

Group 

2 

Group 

3 

Grouo 

4 

Alonecia 

26, 

32, 

34, 

225, 

245, 

432  , 

437, 

636  , 

641 , 

36, 

40, 

48. 

246  , 

247, 

440  , 

443  , 

643  , 

6  5  3, 

53  , 

57, 

60  , 

243, 

251, 

447, 

454  , 

658 

62, 

63, 

68 

253  , 

255, 

457, 

460  , 

256, 

2  57, 

462  , 

466 

2  60  , 

262  , 

265 

liver  ,  wnite 

2 

33  , 

36 

232  , 

234, 

430  , 

433, 

630  , 

633  , 

f  oc  1 

3  7  , 

39, 

40, 

239  , 

241, 

434  , 

436  , 

634  , 

636, 

41  , 

43, 

45, 

242, 

243, 

433  , 

440  , 

639, 

641 , 

51 , 

55, 

244  , 

245  , 

441, 

442  , 

642  , 

643  , 

57  , 

53, 

66 

246, 

247  , 

443, 

444  , 

644  , 

645, 

249, 

250  , 

445  , 

446  , 

646  , 

647  , 

252  , 

253, 

451, 

453  , 

649  , 

651, 

254  , 

255, 

455, 

456, 

654  , 

655  , 

256, 

257, 

4  58  , 

461, 

659  , 

661, 

258, 

263  , 

465 

563, 

664, 

266, 

267  , 

666  , 

667, 

268  , 

269 

668  , 

669 

liver,  mass 

— 

— 

457 

650, 

705 

Liver ,  iar^e 

— 

269 

658  , 

706 

Jpieer. ,  dark 

13 

268 

44  7  , 

463 

— 

foci 

Spleen,  large 

4  6  , 

53  , 

61 

259  , 

261, 

527, 

445  , 

642  , 

655  , 

6  5 

2  69 

4  57  , 

4  59  , 

653  , 

663  , 

453  , 

463  , 

668 

4  o  6 

Kidney,  cysts 

— 

— 

501 

— 

Kidney ,  unilat . 

_  _  — 

_ 

_ 

703 

aplasia 

Kidney,  unilat. 

— 

— 

507 

— 

nyponl as i a 

— 

— 

614  , 

6  6  6 

MeS’’",  rery ,  mass  53  -  464  - 

Perireniris  -  -  -  705 

cnron  . 


, vary , 


:na  s  s 


4g3 
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Table  7 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  uhat 
are  antitransf ormers  in  cell  cultures. 

N’ecropsy  findings  of  scheduled  sacrifices.  Data 
are  presented  by  number  of  affected  animals. 

Finding _ Grouo  1 _ Group  2 _ Group  3 _ Group  4 _ 


General,  a.nemia -  -  409 

General,  obesiatas  -  -  - 


708 
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rable  8 :  Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  that  are  antitransf or- 
mers  in  call  cultures. 

”ecropsy  findings  of  moribund  sacrifices  and 
soontaneous  deaths . 

Data  are  presented  by  number  of  affected  animals. 


?indinq 

Group  1 

Group 

2 

Grouo 

3 

Group 

4 

GENERAL 

Cachexia 

M9 

M2  01 

M4  09 

_ 

Anasarca 

M8  , 

T104 

M20  6 , 
M307, 

M3  04 
T202 

T506 

— 

Lymph  nodes 
large 

M4  , 

M6 

M  201, 

M2 10 

M4  04  , 
M406, 
M414 

M4  0  S  , 
M410, 

M60  3 

SKIN 

Alopecia 

Ml  , 
M5, 

M2,  M3, 
M7 

M2  02  , 
M215, 
M307, 

M210, 
M301 , 
T201 

M4  02  , 
M407  , 
M4  09  , 

M40S, 
M4  08  , 
MS  01 

M614  , 
M7  09 

M7  0  2 

Ulcer 

;i4 , 
Ml  01 

MS,  M", 

,  Ml  0  2 

M207, 
M2 13 

M2  06  , 

M40  4  , 
M406, 
M412 

M40S  , 
M407, 

M60  3, 
M7  02 

M6  0  4 

Subcut.  tissue 
mass 

'■'.2 

M7,  MlO 

M20  3  , 
M3  03 , 

M2  0  7 , 
M309 

M4  02, 

M410 

M601, 

M7  02 

Subcut.  abscess 

M5 

M2  04 

— 

— 

Preputial  gland 
large 

.'•!10  2 

— 

— 

— 

Clitoral  gland 

1  arge 

Ml  2 

— 

— 

— 

THORACAL  CAVITY 

serous  content 

— 

M201 , 
T2  0  2 

T201 , 

M4  0  8 

— 

iiemorrhage 

T102 

— 

— 

— 

.'•'.ass 

— 

— 

— 

M6  0  2 

ABDOMINAL  CAVIT 
Asci  t-es 

Y 

T2C2 

— 

— 

•iESENTSRY 

—  ’/St 

— 

— 

M4  0  3 

— 

M  3  s  s 

_  _  _ 

_  ^  ^ 

MS  0  3 

—  —  — 

34 


ArOSR 


Table  8 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  ara 
antitransf ormers  in  cell  cultures. 

Mecropsy  findings  of  moribund  sacrifices  and 
spontaneous  deaths .  Data  are  presented  by  numoer 
of  affected  animals. 

Findi.ng _ Group  1 _ Group  2 _ Group  3 _ Group  4 


S.'LALL  IMTSSTINE 


Meteor ism 

— 

M2  0  5 

— 

— 

Intussusception 

— 

M3  02  , 

T304 

M50  2 

— 

■'.ass 

.M7,  MlO 

M2 14 

M4  0  8 

M607  , 

M  6 1 4 

ADRENAL 

'•'.ass 

— 

M2 13 

— 

— 

KIDNEY 

light  yellow 

M6 

M20  5, 
M212  , 

M207  , 
M3  0  7 

M4  0  6  , 

M5  0  3 

M608 , 
M710, 

M7  0  9  , 
M711 

-'■'.ass 

— 

— 

M4  08 

— 

large 

— 

M3  0  7 

— 

M6  0  4 

LIVER 

large 

M7,  Ml  3, 

Ml  02 

M2  09, 
M3  04  , 
M3  09 

M211, 
;13  08, 

— 

M60  7  , 
M70  3  , 
M711 

M614  , 
M7  0  4  , 

.Mass 

— 

M2 13 

M50  3 

M60  7  , 

M7 1 2 

white  foci 

Ml  2,  Ml  3, 
T103 

M2  09  , 
M305  , 
M3  08, 

M213, 
M306  , 
H3C9 

M4  03  , 
M413, 

M410  , 
T401 

M703  , 
M7  0  7  , 
M7  0  9  , 
M711, 

M7  0  4  , 
M708  , 
M710  , 
T703 

OVARY 

Cyst 

.Mass 

M2 

M7,  Mil 

M2 15 

M.413 
M4  0  8 

M60  7  , 

M6Q9 

UTERES 

Mass 

M7 

— 

— 

— 

SPLEEN 

large 

Ml,  M2,  M4, 
M5,  M7,  MlO 
Ml  02,  Ml  0  3 

M2  01  , 
,M2C3. 
M2  09  , 
M215  , 
.'1302  , 

T201 

M2  0, 
M2  04  , 
M214  , 
M301, 

-  f 

M30  5, 

■’402  , 
M405  , 
M4G7  , 
.'■•501 

M4  04  , 
M4  06  , 
M  j  n  fl 

.  .  .  S..  W  ^ 

M60  3  , 
M7  08 

M607  , 
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r.^.oie  3  ,  cont:  .  :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that  a 
antitrans f ormers  in  cell  cultures. 

^;ecroosy  findings  of  moribund  sacrifices  and 
spontaneous  deaths.  Data  are  presented  by  numbe 
of  affected  animals. 

Finding  Grouo  1  Grouo  2  Grouo  3  Grouo  4 


HEART 

large  -  T2  01  M4  0  3  - 

LuNG 

Mass  :;2  -  -  M6  02,  M712 

THYMUS 

large  M4 ,  M7,  Ml0,M201,  M402  -  - 

Ml  0  3 


7 
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Taole  3  :  Ani.T.al  exper ixenr.s  and  pathology  in:  Animal 

studies  on  tne  mode  of  action  of  agents,  that  are 
anti  transformers  in  cell  cultures. 

Histopatholocy  findings.  !.'eoplastic  changes. 

Data  are  oresented  by  number  of  affected  animals. 

Pindinc  droun  1  Grouo  2  Grout  3  Grout  4 


3PL2EM 

Malignant 

1 ymphoma 
lymohocytic 

Ml  0  2 

M2 0  5, M2 09  , 
M211,M213, 
M2 1 5 , M3  0  4 , 
T305 

M50  3 

M703 ,M707 , 
M710 ,M712 

Malignant 

I ymohoma 
mixed  cell 
type 

136,152, 

Ml , M4 , M5 , 

M7 ,M10 ,M101 
Ml  0  3 

M2  0 1 , M2  0  2  , 
M204 ,M301 , 
,M302 ,M303 , 
T301,T302 

424,436, 

442 , 527 , 

531  ,  532  , 

M4  0 1 , M4  0  2  , 
M403 , M404 , 
M4  0  5 , M4  0  6  , 
M407,M410 , 
M411 ,M501 

653 , 722 , 724 
733 ,M601 , 
M606 ,M702 , 
M704 , T701 

M:al  ignant 

lymphoma 

histiocytic 

152 

— 

4  5  3 

— 

Hemangioma 

— 

T306 

— 

767 

THYMUS 

Malignant 

1 ymphoma 
mixed  cell 
type 

M7 ,M101 , 

Ml  0  3 

2  32  ,M201 , 
M208 ,M301 

425,447, 

539 ,M407 , 
M501 

— 

K I D  N  E  Y 
Malignant 
lymphoma  MOS 

— 

M2  0 1 , M3  0 1 , 
T305 

M406 ,M501 

M6  0  6 

LYMPH  MODES 

Malignant 

lymphoma 

1 ymohocytic 

— 

— 

M50  3 

— 

■•lal  ignant 

1 ymphoma 
taxed  ceil 

i52,Ml,M7, 

MIO 

M2  0  7 , M2 1 0 

372,573, 

M4  0  3 , M4  0  5 , 

M  4  0  6  ,  M  4  1  4 

M6  0  7 

M.al  lanant 

1 ympncma 
- 1  :<  e  d  call 

— 

— 

M411 

— 

j\ 

\ 


I 

i 


k 
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Taole  9 ,  cont . :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  thar  are 
antitransf orir.ers  in  c-^11  cultures. 

Hi stopathology  findings.  N'eoplastic  lesions. 

Data  are  oresenred  by  number  of  affected  animals. 

Findinc  Grouo  1  Grouo  2  Grouo  3  Grouo  4 


LIVER 

Hemangioma  - 

Hemangiosarcoma  - 

Malignant  - 

1 ymphoma 
lymphocytic 

'■Malignant  - 

1  ym.phoma 
mixed  cell 
type 


Adenoma 
hepatocell . 

Carcinoma 
hepatocell . 

LUNG 

Carcinoma  NOS, 
metastatic 

TISSUE  NOS 
Hemangioma 

Malignant 
iym.pnoma  .NOS 

Sarcom.a  NOS 


M3  0  5 
M2 1 3 

206 ,M211 , 
M3 04, M3 09 

M3  01 


M409 , M503 


.'44  0 1  ,  .'44  0  2  , 
0  3  ,  M4  1 1  , 
M5  01 


M708 ,M712 
748 

.M605  ,M610 

722 ,M606 , 
.’•i  6  0  7 

550 

M6  0  2 


712,771, 

M602 

M7  0  5 
M601 


M401,M402 


PANCREAS 

.■4alianant  -  -  527  - 

lymphoma  NOS 

OV.iRY 

Granulosa  cell  -  -  -  607 

tumor  oenig.n 


S.MPiL  IN’TESTINE 

:4alignant  -  -  463,4  64 

lympnoma  NOS 

Adenocarc inoma  M2  -  - 


Sarcoma  liGS 


M4  0a 


o  to 
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Table  9 ,  cont .  :  Animal  experiments  and  pathology  in;  Animal 

studies  on  the  mode  of  acuion  of  agents,  mat  are 
antitransf ormers  in  cell  cultures. 

Histopathology  findings.  :Jeopiastic  lesions. 

Data  are  presented  by  number  of  affected  animals. 

Finding _ Group  1 _ Group  2 _ Grouo  3 _ Group  4 _ 

'JTF.FUS 

Deiomyosarcoma  MT  -  -  - 

YE,  LID 

hondroma  -  -  M4  0  3  - 

SKIN 

Squamous  cell  -  -  -  M7  0  2 

carcinoma 


The  abbreviation  NOS  means  not  otherwise  soecified. 


39 


AFOSR 


Taole  10:  Animal  experiments  and  pathology  in:  Animal 


studies  on  the  mode  of  action 

of  agents. 

that  are 

intitransformers 

in  cell  cultures. 

Histopathology  findings.  iJon 

neoplastic 

lesions . 

Lata  are  presented  by  number 

of  affected 

animals 

(Score).  Scoring 

scheme  s.  Table  12. 

Finding 

Group  1 

Group  2 

Group  3 

Group  4 

SPtZFN’ 
Lymoho id 

117(3), 

221(2)  , 

420(2)  , 

620(2)  , 

hyperolas 

la 

245(2)  , 

501(2)  , 

709(3) 

305(  1)  , 
308(1)  , 
314(2)  , 
325(3) 

526  (  3  ) 

Lymphoid 

16(3) ,43(3) 

,217(3) , 

403(2)  , 

711(2)  , 

depletion 

52(1) ,64(3) 

,223(3) , 

451(1)  , 

737  (  1  )  , 

123(3) , 

226(3)  , 

466(2)  , 

745(2)  , 

125(3), 

230(3)  , 

513(3)  , 

747(  2)  , 

137(2) , 

241(1)  , 

523  (  2)  , 

749  (  2)  , 

143(1) 

246(1)  , 

546(2), 

756  (  2  )  , 

248(1)  , 

547  (  2  )  , 

249  (1)  , 
345(2)  , 
349(2)  , 
350(2)  , 
M212(3)  . 
.M305(  3) 

550(2) 

Hematopoiesis  9 (3), 14 (3), 

217(3)  , 

403  (  2  )  , 

603(3), 

16(3)  ,20(2) ,219(1)  , 

405(3)  , 

604(1  ), 

22(4) ,23(3) 

.223(3) , 

418(3)  , 

609(2)  , 

24(2) ,28(2) 

,226(3) , 

453(3), 

658( )3) 

60 ( 1  ) ,  64  (  4  ) 

,227(2) , 

459(4), 

663(3  )  , 

67(3)  , 

228(2)  , 

462(1  )  , 

674  (  2  )  , 

102(3) , 

255(2)  , 

502(3  )  , 

701(3), 

103(3) , 

259  (  2), 

510(3)  , 

704  (  3  )  , 

104(1)  , 

261(3)  , 

511(2)  , 

707(4  )  , 

113(3) , 

262(2)  , 

513(3)  , 

711(3), 

122(4  )  , 

266(1)  , 

520(2)  , 

719(2)  , 

123(2) , 

301(2)  , 

523(3), 

721(3)  , 

137 ( 2  )  ] 

314(2)  , 

537  (  2)  , 

723(3  )  , 

140(3) , 

316(3), 

539.4), 

737  (  2)  , 

145(2) , 

320, 

545(3), 

739  (  3)  , 

156(3)  , 

225(2)  , 

553  (  2)  , 

742(4  )  , 

158(1) , 

304  (  2  )  . 

555  (  3)  , 

748(3)  , 

162(2)  , 

349(2)  , 

556  (  4  )  , 

750  (  3)  , 

M8 ( 2 ) , M9 ( 2 ) 

, 351(1) , 

558  (  2)  , 

753  (  3  )  , 

MlOl ( 2 ) , 

352(2)  , 

560(2)  , 

754(2  )  , 

.■(102(2) 

354(2)  , 

561(3), 

755(1)  , 

356  (  2)  , 

568  (  2)  , 

756  (  4  )  , 

357  (  2  )  , 

M412 ( 2  )  , 

753(2)  , 

366(4)  , 

M502 ( 2  )  , 

760  (  2)  , 

361(2)  , 

M503( 4  )  , 

761(2), 
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Table  10 ,  cont .  :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that 
are  antitransformers  in  cell  cultures. 
Histopathology  findings.  Non  neoplastic  lesions. 
Data  are  presented  by  number  of  affected  animals 
(Score).  Scoring  scheme  s.  Table  12. 


Finding 

Group  1 

Group  2 

Grout)  3 

Group  4 

Hematopoiesis 
cont . 

362(3)  , 
364(  2)  , 
365(  3)  , 
366(1)  , 
M207(3)  , 
M210(2)  , 
M306(2)  , 
M309(3) 

M505(3)  , 

762  (  1)  , 

763  (  1)  , 
764(2), 
765  (  2)  , 
M608(l)  , 
M7  01(2)  , 
M706(l)  , 
M708(3)  , 
714(3)  , 
744(5) 

Hematocyst 

— 

— 

5  69 

— 

THYMUS 

Lymphoid 

depletion 

52(1) 

238(2) 

425  (  4  )  , 
437(2)  , 
521(2)  , 

673(3) 

Lymphoid 

hyperplasia 

— 

261(4) 

— 

639(2) 

Cyst 

13,27,32, 

34,36,37, 

39,41,49, 

50,51,57, 

62 , 68 ,121 

223,233, 

239,244, 

246,264, 

268,316, 

318,319, 

271 

439,452, 
454 , 462 , 
466,467, 
517,522 

639,640, 
645,647, 
649,650, 
652,654, 
655, 660, 
662, 666, 
672 

SKIN 

•Abscess,  subcut 

.M7 ,M12 

M3  09 

— 

M601 

Dermatitis , 
chronic , 
ulcerative 

M7  (  4  )  , 

MlOl ( 4 ) , 

Ml 02  (  4  ) 

M203(4)  , 
M204  (  4  )  , 
M213(4)  , 
M303(4) 

M303 ( 4  ) 

M6  04  (  4  ) 

Dermatitis 
chronic  active 

M5  ( 3 )  ,M102 

— 

539  (  4)  , 

M4  0  4 ( 4  ) 

— 

Dermatitis 

chronic 

—  —  — 

— 

M403( 3  )  , 

M4  05  (  3  )  , 
M406 ( 3 ) 

M603 ( 4  ) 

Hair  follicle 

—  —  — 

M4  02 ( 3  ) 

—  — 

itroonv 
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Table  1 0 ,  cont .  :  Animal  experiments  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that 
are  antitransf ormers  in  cell  cultures. 
Histopathology  findings.  Non  neoplastic  lesions. 
Oata  are  presented  by  number  of  affected  animals 
(Score).  Scoring  scheme  see  Table  12. 


Finding 

Grouo  1 

Group  2 

Grouo  3 

Group  4 

HE.ART 

Myocardium 

T202(3) 

degeneration 

KIDNEY 

Amyloid 

M6  ( 4  )  , 

206(4)  , 

M4  03 ( 4  )  , 

M606 ( 3 )  , 

deposit 

M9  ,  Ml  3  , 

M205(3)  , 

M413(3)  , 

M608  (  3 )  , 

T4(4)  , 

M207(  3)  , 

M503(3) , 

M707{ 3 ) , 

T104 (3) 

M208{ 3) , 

M505(3) , 

M708(3)  , 

M210(3)  , 

T402  (  3  )  , 

M709 { 3  )  , 

;!211(4)  , 

T504  (  3  )  , 

M710(3)  , 

:I212(3)  , 

T505{3)  , 

M711(3) , 

;1213(3)  , 

T506 ( 3  ) 

M712(3) , 

M215(3)  , 
M304(  3)  , 
M305(4)  , 
M306(3)  , 
M307(  3)  , 
M308(3)  , 
T202( 3)  , 
T305( 3) 

T703  (  4  ) 

Inflammation 

^ 

M305(2)  , 

M4  08 (  ) 

M608(2) , 

interstit . 
chronic 

M307{1) 

M712 ( 1 ) 

Hydronephrosis 

MlOl ( 4  ) 

— 

— 

— 

Papillary 

_ 

M212(3) 

M4  08 ( 2  ) 

necrosis 

M307(2) 

Tubul  i 

_ 

_  ^  ^ 

^  . 

M711(3) 

cytoplasmatic 

alteration 

Tubuli 

dilatation 

— 

M307(2) 

— 

— 

Tuoul i 

mineralzation 

— 

— 

T402 (  1  ) 

— 

Tuoul i 

T104 ( 3  ) 

;:305(2) , 

y.604  (  1 )  , 

M708 ( 1  )  , 

protein  casts 

M307(2)  , 

T504 ( 2  ) 

M711(2)  , 

T305(2) 

T703 ( 2  ) 

ADRENAL  GLAND 

Amyloid  deoosit  -  -  573(3) 


I 
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Tab  1-3  10,  cant .  ;  Animal  experiments  and  pathology  in:  Animal 

studies  on  zhe  mode  of  action  of  agents,  that 
are  antitransformers  in  cell  cultures. 
Histopathology  findings.  Non  neoplastic  lesions. 
Data  are  presented  by  number  of  affected  animals 
(Score).  Scoring  scheme  see  Table  12. 


I 


Finding 

Grout)  1 

Group  2 

Grout)  3 

Grouo  4 

LACRIMAL  GLAND 
Inflammation 

acute 

MlO ( 4  ) 

— 

— 

— 

LIVER 

3  y t  op 1 a  sma  1 1 c 

— 

— 

571(3) 

— 

alteration 

Focal  cellular 
change  (basoph.) 

— 

M305( 3) 

M412 ( 3  ) 

— 

Focal  cellular 

_ 

M215(3) 

_ 

_ 

change  (eosi.noph 

i.  ) 

Necrosis 

M6 ( 3  )  , 

234  (  3  )  , 

433(3)  , 

M605  (  2  ) 

focal 

Mi3(3)  , 

M209(3) , 

434(3), 

M607(3) 

T103 { 3  ) 

M213( 3) , 

571(3)  , 

M608(2) 

M304(3) , 

M4  08( 3  )  , 

M7  03  { 4  ) 

M306{3) , 

M4  09 ( 2  )  , 

M704 ( 3 ) 

M303( 3)  , 

M410 ( 2  )  , 

M706  (  3  ) 

M3 09 ( 3  )  , 

M5  0  2 ( 3)  , 

M707 ( 2  ) 

T304 (3) 

T402 ( 3  )  , 

M709 ( 3 ) 

T502 ( 2  )  , 

M710(3) 

T503  (  4  ) 

M711 ( 3  ) 

Cytoplsmatic 

vacuolization 

M6(  3) 
T103 

“  ”  ” 

“  ”  “ 

— 

OVARY 

Amyloid 

deposit 

“  “ 

T305 

~  ~ 

Cyst 

M3 

M3  0  5 

M413 

— 

Hematocyst 

53 

M215,T305 

— 

SMALL  INTESTINE 

Amyloid 
depos i t 

- ~ 

— 

M408 ( 4 ) 

— 

Intussusceotion 


M3  0  2 


M5  0  2 
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Taole  1 0 ,  cont . :  Animal  experiments  and  pathoioay  in;  Animal 

studies  on  the  mode  of  action  of  agents,  mat 
are  antitransformers  in  cell  cultures. 

Hi stopathology  findings.  ^Jon  neoplastic  lesions. 
Data  are  presented  by  number  of  affected  animals 
(Score).  Scoring  scheme  see  Table  12. 

Finding _ Group  1 _ Group  2 _ Group  3 _ Group  4 


UTERUS 

-Amyloid  - 

deposit 

4  68, M4  0  8 

— 

Endometrium  - 

cystic  hyperplasia 

•42  08 

— 

— 
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Animal  experiments  and  pathology  in:  Animal 
st’jcies  on  the  mode  of  action  of  agents,  that  are 
antitransf ormers  in  cell  cultures. 

histopatnolocy  findings.  Survey  of  the  incidence  of 
neoolastiG  lesions. 


?  1  n  d  1  n . 


Mumber  of  affected  animals  in  ; 
Grout  1  Grouo  2  Grouo  3  Grouo  4 


animals  '.v-itn  a 
neon! asm 


1-2, 1-3, 1-4 


hali'inant 
lympncma,  total 


1-2, 1-3 


:ner  neooiasms 


SPLSEN 

Hemangioma 


.'’.alignant  lympnoma 
lymonocvtic 


1-2,  2-3 


.'laiignant  lymphoma 
mixed  cell  type 

.■•;alignant  lymphoma 
niotiocytic 

THYMES 

Malignant  lymphoma 
mixed  cell  tvce 


'.IDMEY 

lalignant  lymphoma 
iOS 


LYMPH  MODES 
i'!alignant  lymphoma 
mixed  cell  type 

-'■'alignant  lymphoma 
1 ymphocytic 

GL.  -•■lAMDiaULARIS 
.'■'.alignant  lymphoma 
mixed  cell  tvoe 


;ign.*:  significant  differences  between  groups  indicated 


rable  11 ,  cone .  :  Anmal  experiments  and  oathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  tnat 
are  antitransformers  in  cell  cultures. 
Histopathology  findings.  Survey  of  the  inciden¬ 
ce  of  neoplastic  lesions. 

Finding  Mumber  of  affected  animals  in  : 

_ Group  1  Group  2  Group  3  Group  4 

LIVER 

Hemangioma  0102 

Hemangiosarcoma  0101 

.Halignant  lympnoma  0  4  2  2 

lymphocytic 

Malignant  lymphoma  0153 

mixed  cell  type 

Hepatocellular  0001 

adenoma 

Hepatocellular  0001 

carcinoma 

LUNG 

Carcinoma  NOS,  0003 

m.etastatic 

TISSUE  NOS 

Hemangioma  0001 

Malignant  lymohoma  0001 

.NOS 

Sarcoma  NOS  0020 

PANCREAS 

Malignant  lymphoma  0  0  1  0 

NOS 

OVARY 

ilranulosa  cell  0  0  0  1 

tumor,  benign 
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Tap le  1 1 ,  cone .  :  Animal  experimenrs  and  pathology  in:  Animal 

studies  on  the  mode  of  action  of  agents,  that 
are  anti  transformers  in  cell  cultures. 
Histopathology  findings.  Survey  of  the  incide 
ce  of  neoplastic  lesions. 

rindina  Clumber  of  affected  animals  in  : 

_ Group  1  Group  2  Group  3  Group  4 

SMALL  INTLSTIME 

Malinnant  lymphoma  0020 
■JOS 

.\denocarc  inoma  10  0  0 

Sarcoma  MOS  0010 

L'TERUS 

Leiomyosarcoma  1000 

EYE,  LID 

Chondroma  0010 

SKIN 

Squamous  cell  0001 

carcinoma 


Animal  experiments  and  pathology  in:  Animal  studies 
on  the  mode  of  action  of  agents,  that  are  antitrans- 
rormers  in  call  cultures. 

Scoring  scheme  of  histopathology  findinas. 

bcore  Verbal  description 

1  minimal 

2  mild 

3  moderate 
marked 

5  severe 
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yjjure  2: Animal  experiments  and  pathology  in:  Animal  studies 

on  the  mode  of  action  of  agents,  chat  are  antitransf or- 
ners  in  cell  cultures. 

Body  weight,  females. 


^04  288  186  470  826  days 


bUllIpL  i  on 


qure 


j_Animal  experiments  and  pathology  in:  Animal  studies 
on  the  mode  of  action  of  aaents,  that  are  antitrans'or 
mers  in  cell  cultures. 

Total  number  of  animals  in  study,  males. 


TOTAL  NUMBER  OF  CR7b\  MICE  WITH  MALIGNANT  LYMPHOMA 


Ani.nal  experiments  and  pathology  in:  Animal  studies^ 
on  the  mode  of  action  of  agents,  that  are  antitransfor 
mars  in  cell  cultures. 

Mumber  of  animals  with  malignant  lymphoma  at  typical 


SlVhJINV  io  ON 


500  days  600  days 
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LYMPHOCYTE  SUBPOPULATIONS 

The  regulation  of  an  induced  immune  response  occurs  by  the  inter¬ 
action  of  different  lymphocyte  subsets.  In  the  absence  of  one  of 
these  necessary  cell  subpopulations  the  circuit  is  interrupted 
and  a  deficient  immune  response  will  take  place.  Recently  Jerne 
pointed  out  that  the  immune  system  in  its  ability  to  respond 
to  antigen  is  complete,  even  when  90%  of  specific  antibodies 
are  lost.  In  mice,  100  rad  ionizing  radiation  can  decrease  the 
peripheral  lymphocyte  count  up  to  25%.  However,  if  the  lymphocyte 
subsets  have  the  correct  cellular  composition  error  free  irmnune 
reactions  can  occur. 

Views  on  the  immunological  consequences  of  radiation  damage  are 
still  controversial  because  multiplicity  of  lymphocyte  subsets 
and  factors  are  required  for  immunoregulation .  The  radio-sensi¬ 
tivity  of  helper  T  cell  subpopulations  has  been  determined  but 
that  of  suppressor  T  cells  is  unknown.  It  is  also  unknown  whe¬ 
ther  or  not  precursors  of  helpers  and  suppressor  T  cells  have 
the  same  radio-sensitivity.  The  radiation  induced  impairment  of 
specific  functions  of  lymphocyte  subsets  appears  to  be  an  impor¬ 
tant  factor  in  the  immune  suppression  and  in  the  pathogenesis 
of  viral  infections,  especially  in  immune  deficient  and  auto¬ 
immune  diseases  as  v/ell  as  in  carcinogenesis.  Cytotoxic  lympho¬ 
cytes  are  believed  to  play  a  crucial  role  in  the  development 
of  immunity  to  virus  infections  und  tumors. 

Differentiation  of  lymphocytic  suboopul ations 

Lymphocytic  suhpooulations  were  investigated  after  application 
of  1  mM  3-M.BA/d  and  L  Gy  60-Co-gamma  radiation  and  application 
of  1  mi'.  DADH/d  and  1  Gy  60-Co-gamma  radiation. 

The  total  T  ceil  T)  population  in  soleen  cell  suspensions 

'.vas  identified  in  a  direct  imm.unof luorescence  test  using  the 
•’lonoclonai  antibody  anti-Thy  L.2  EITC  ( 3ecton-Dickinson )  .  Spleen 


Ar'OSK 

-  5  6  - 

ceil  suspensions  prepared  to  10^  cells/r:ii  in  cytotoxicity  :ne- 
dium  (Cedarlaue)  were  incubated  at  37°C  for  60  rrdn  to  reduce 
background  fluorescence  due  to  unspecific  binding.  After  centri¬ 
fugation,  -he  cell  sediment  was  incubated  with  lO^ul  anti-Thy 
1.2  FITC  at  4^C  for  30  min.  After  incubation,  cells  were  washed 
twice  with  PBS  and  then  suspended  in  a  solution  of  PBS  and  poly- 
vinylalcohol  in  glycerol.  Five  to  10  ^ul  of  cell  suspensio.n  were 
dropped  onto  slides  and  examined  for  percentage  of  fluorescent 
cells.  Suppressor/cytotoxic  T  cells  were  differentiated  by  anti- 
hyt  2  antibody  ( Becton  Dickinson).  For  experiments  with  3  MBA,  a 
direct  test  was  oerformed  using  t;ie  FITC-con jugate  of  anti-Lyt  2. 

Since  the  fluorescence  of  cell  membranes  was  very  dim  an  indi¬ 
rect  test  was  oerformed  in  the  experiments  done  with  DAiDH ; 
instead  of  the  FITC  conjugate,  biotinylated  anti-Lyt  2  was  used. 
After  30  min  incubation  and  the  washings  of  cells,  Avidin  FITC 

5 

^l^ug/10  cells)  was  added  and  cells  incubated  for  further  30 
min.  Further  preparation  was  the  same  as  for  direct  tests. 

B  cells  were  stained  by  anti-mouse  Igh  +  M  (Becton  Dickenson) 

FITC  in  a  direct  test  using  lOO^ul  of  1:20  diluted  antibody. 

1  mM  3-MBA/d  administered  on  5  consecutive  days  did  not  show 
any  effect  on  the  percentage  of  Pan  T  cells,  suppressor  T  cells 
and  B  cells  (table  1),  three  days  after  termination  of  treat¬ 
ment.  60-Co  radiation  of  1  Gy  caused  a  significant  drop  in  the 
Pan  T  cell  population,  a  small  diminuation  of  suppressor-cytoto¬ 
xic  T  cells,  which  was  statistically  not  significant  (table  1), 
and  Left  B  cell  rates  unchanged.  The  combination  cf  1  mM  3-MBA/d 
and  60-Co-camma  radiation  signals  an  influence  of  l-i'.BA  on  the 
balance  of  lymphocytes:  Pretreatment  with  3-MBA  of  irradiated 
ar.inals  prevented  tne  reduction  of  T  calls  by  radiation  to  a 
emnificant  extent,  and  showed  the  tendency  to  render  also  sup- 
oressor-cytoooxic  T  cell  values  to  normal  rates  (table  1). 
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T.iole  1  :  Lymohocytic  suboooulations ;  C57  bl  mice  treated  by 
1  '-cn/d  and  1  Gy  60-Co-gamma  radiation; 

variance  analysis,  significance  =  5®, 

factor  A:  control  (1),  3-MBA  (2),  irradiation  (3), 

3-'’BA  1-  irradiation  (4) 


AdOVA  RANKV  1234 


Pan 


► 


0 .000 

+ 


<  i 


0.0001  m  32.5  32.4  20.8 

+  s  7.0  6.0  4.5 

n  10  10  10 

4  >  3,  differences  significant 


36.2 
4  .  6 
10 


Suppr/Cytotox 

0 

.0017 

0.0031 

m 

13 . 3 

14.7 

10.4 

13.3 

4. 

s 

2.4 

2.1 

2.1 

2.6 

n 

9 

10 

10 

9 

3 

<  1  , 

difference 

significant 

3  0.0377  0.0922  m  54.3  50.3  58.7  49. 

s  3.6  4.6  9.6  6. 

n  10  10  10  10 


The  sane  tendency  could  be  observed  v/ith  DADK  (table  2):  no 
effect  of  DADH  wnen  applied  on  five  consecutive  days,  a  signifi¬ 
cant  drop  of  Pan  T  cells  three  days  after  irradiation,  a  small, 
but  statistically  not  significant  increase  after  combined  treat¬ 
ment  in  comparison  with  animals  only  irradiated  without  DADH 
pretreatment .  The  small  B  cell  values  observed  (table  2)  with 
the  last  series  of  e.xperiments  could  be  attributed  to  the  fact 
that  male  animals  were  used,  while  only  females  had  been  used 
for  all  other  experiments. 


lo  m 


Taol 3  2 ;  Lynphocytic  subpoDulations ;  C57  bl  mice  treated  with 
I  m-'-i/kp/d  DADH  and  1  Gy  50-Co-gamma  radiation; 

variance  analysis,  significance  =  5%, 

factor  A:  control  (1),  DAH  (2),  irradiation  (3), 

hAH  +  irradiation  (4' 


ANOVA  RAMKV  1234 


Pan  T  0.0223  0,0668  m  29,1  27,0  23.3  25.7 

--  s  3.7  4,3  4.6  3.7 

a  10  10  10  10 

3  <  1,  differences  significant 


Suopr /Cytotox  0.5099  0.3809  m  11.9  11.0  9.7  12.1 

s  3.6  4.1  3.2  3.6 

n  9  9  9  9 

no  significant  difference 


3 

0.5455  0.3278 

m 

40.3 

40.8 

40.1 

36.1 

no  significant 

s 

.n 

dif  fe 

9.3 

10 

rence 

7.6 

10 

7.2 

10 

7.7 

10 

•An  aspect  of  radioprotection  3-MBA  on  the  immunesystem  during 
radiation  therapy  see  enclosure  4. 

In  the  long  term  experiment  lymphocyte  subsets  were  investigated 
over  the  whole  life  span  of  C67  bl  mice. 

The  results  obtained  on  the  number  of  Pan  T  cells,  suppressor- 
cytotocxic  T  cells  and  B  cells  are  illustrated  in  figures  1-3. 

They  are  submitted  to  cne  following  statistical  analysis:  First¬ 
ly,  results  of  t.he  four  testaroups  were  compared  with  one  anotiter 
at  any  of  the  ten  terms  of  ivestigation .  Xo  significant  diffe¬ 
rence  between  testgroups  could  be  established  at  a  significance 
le”el  of  31.  In  a  second  analysis  the  terms  of  investigations 
•■.er-’  ccnoared  within  each  testaroup  and  subpopulaticn .  Since 
ii'nificont  differences  were  found  between  various  terms  of 
•..nv‘;st  1  oat  ions  ,  the  linear  recression  between  percentage  of 
'.ti  ao®  •.■•'a:;  studied: 
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a  siqnificant:  neqativs  correlation  between  the  number  of  Pan  T 
cells  and  suopressor/cy totoxic  T  calls  and  the  age  of  the  ani¬ 
mals  was  established. 

Pan  T  cells  -  coefficient  of  regression  =  -  0.00655 
suporassor/cytotoxic  T  cells  -  =  -  0.01213 

significance  level  5%. 

Wo  significance  was  found  for  the  percentage  of  B  cells. 

These  findings  are  in  good  accordance  with  the  data  of  Hirokawa 
et  al  .  (Gerontology  _3£  (1984)  223-233).  The  latter  found  a  pro¬ 
nounced  age  related  decrease  in  T  cell  mediated  immune  functions 
while  B  cell  activities  showed  no  age-related  change.  At  the 
very  end  of  their  life-span  (670  days),  animals  showed  an 
increase  in  the  percentage  of  Pan  T  cells  -  an  effect  that  was 
also  observed  by  the  Japanese  authors  for  the  mixed  lymphocyte 
reaction . 

In  any  case  no  effect  of  the  test  substance  on  lymphocytic  sub¬ 
populations  could  be  observed,  although  DADH  showed  a  slight 
effect  on  the  re-establishing  of  lymphocyte  subsets  in  the  short 
term  experiments.  This  results  may  by  attributed  to  the  fact 
tliat  within  the  short-term  experiments  subsets  were  investigated 
three  days  after  irradiation,  whereas  in  the  long-term  investi¬ 
gations  the  first  samplina  took  place  seven  days  after  irradia¬ 
tion.  At  that  time  lymphocytic  suiasets  probably  have  already 
redressed  their  balance. 
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•  •r  £  AilrtLj  i i ^  ,  ■ -rjc-'r  ACTORIAL  £  l>JMIFI  Jr’JJCA  : 


.:ELZCTION:  VARIANCE  AAJALYS^E,  OME-FACTOR lAL 
FERiM:  A 

FACTOR:  TEST  GROUP 


'  MA.ME  1 

FACTOR  A  1 
;Ji  )C'A  i  R  ANKV  ^ 

1  i 

M.3/M  1 

0  1 
M/3/N  1 

3  1 

M  /'  3  /  N  i 

4  1 

M/S/N  ! 

'  r  ANT  '  , 

'  “  1 

'A  i.  i 

:o43i . 3i:3; 

4  ■  4  1 

0  9 . 30  1 
O.oBl 
4  1 

33 . 50 i 
3.741 
4  1 

29.701 

1.55! 

4  i 

29.351 

5.001 

4  i 

;  SFRFi  . 

■  i 

331:9  '  .  lo33  1 

4  .  4  . 

iO. 00  I 
0 . 4  9  1 
3  i 

io . 90 1 
0  .  9  9  1 
2  1 

11 . 90  1 
3.54! 

2  i 

14.10! 

1.93! 

2  1 

3  '  . 

1  7  1 

A  3 1 

4  1  4  : 

3  .  0 1  i 

4  1 

47.251 
2.601 
4  1 

51.37) 

3.37) 

4  1 

50.421 
3.381 
4  1 

•'  Z.  _•  il-L-  -  i. 

'j'i :  >/ I  A,N CE 
TERM :  5 
FA'.'TOR : 

ANALYSIS.  ONE- 

TEST  GROUP 

FACTORIAL 

■  R'AFE  1 
.‘i  r  '  r 

FACTOR  A  . 
N'jVA  I  RANKO’ ' 

M/S-N  1 

1 

M/S/N  1 

3  1 

M  /  S  /'  N  ! 

4  1 

M/S/N  1 

RANT ;  . 

:  A  4  ' 

b  9  9  8 !  .7187' 

1  -  1 

4  1  4  i 

wO .  4 7"  1 
3.711 
8  1 

28.09) 
3.461 
3  1 

25.  r3  6  I 
4.94) 

3  1 

27.161 

3.131 

7  1 

CUPP '  . 

1  C  - 

n  r  i 

7454! .83391 

4  1  4  ! 

11.20' 
2 . 8  3  i 
8  1 

12.421 
3.451 
3  1 

11.241 

2.631 

3  i 

12.191 
2.131 
o  1 

A  "  i 

1 3  5  i  i  .  1  .)  4  5  ! 

4  1  4  ! 

So . Oo 1 
7.37’ 
8  1 

C  ">  7  1 

.  .  t«  '  1 

5.271 
3  1 

51 . 40 1 
4.441 

3  1 

50.361 
3.  081 
3  i 

o4 


cZLECTION:  VARIANCE  ANALYSIS.  ONE-FALTOR lAI. 
TERM:  C 

L  ALTUi\  :  1  'ji\oUP 


NAHEi  FACTOR  A  '  1  i  Z  I  I  '  4 


i  'll' 

v'A  i 

rrTi'il'-  J  i 

M/S/N  ! 

M/  rj  i  N  1 

M/.S/N  1 

M/S/N  1 

-  =  =  = 

- =  c 

■ - =  z:  =  = 

t  AN 

T  1 

.  "i  0  d  u  i 

.  8  0  2  0  f 

Z  9 . 9  2  i 

29. 99 1 

2  .B  .  5  0  1 

Z  2 , 44 ) 

C  1 

- 

- 

o  .  _  5  1 

0.15’ 

.  2  8  1 

4.491 

A 

' 

4  . 

3 

3 

3  I 

\ 

^ - 

- 1“ 

.VJF 

U  f 

.  1  •}  i  i 

.  14:^.  ; 

15. 92 i 

14. 301 

11 . 30  1 

12.41 

1 

r;  1 

- 

1 

4.65: 

4.12  1 

2  .  ■'4  1 

3 . 3 1  1 

'  A 

•3 

4  ^ 

4  1 

3  1 

o  ' 

5  ! 

3  , 

>- - 

- 

— 

- 1_ 

.  3 

1 

.1290' 

.  1521 1 

53.47! 

43. 90 1 

55.561 

46.99 ' 

i 

”*  1 

; 

; 

6.081 

3.551 

9  .  98  i 

5 . 77  i 

1  n 

0  1 

4  ! 

1  4  . 

B  1 

7  1 

B  1 

3  i 

4- - !- 


-'.ELECTION:  VARIANCE  ANALYSIS.  ONE-FACTORIAL 
TERM;  D 

FACTOR:  TEST  GROUP 

+ - + - r 

I  NAME  I  FACTOR  A  :  1  i  2  I  3  I  4  I 
'  NR  I ANOVA I  RARfKV  i  M/3/N  i  M/S/N  |  M/S/N  1  M/S/N  i 


' FANTi  . 3541  1 

.55.55  1 

24 . 89 i 

23.91 ! 

22.341 

21.531 

5  i  -  1 

-  1 

3.821 

4.371 

4.171 

2.981 

:  .A  1 0  :  4  | 

4  1 

8  1 

8  i 

7  1 

7  1 

.SUFFI .42571 

. 5392 ! 

14 . 05 1 

13.111 

13.321 

11.511 

1  6  1  -  1 

1 

2 . 46  1 

3.111 

3.781 

2 . 36  1 

i  A  1 1  1  4  1 

* 

4  ; 

8  i 

3  1 

5  ! 

5  1 

id  '  .  2  .-j  j  8  ! 

.  9818 : 

5 1 . 66 1 

52.461 

54.94! 

55.061 

1 

7.54  1 

5.441 

6  .  o4  , 

1  7.1 

A  12 '  4  i 

4 

8  1 

3  1 

3  i 

a  1 

f 
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.-ELECTION ;  VARIANCE  ANALYSTS,  GME-F  ACTORIAL 
TERM:  E 

FACTOR:  TEST  GROUP 


;  :jame  i 

FACTOR  A  1 

1  1 

2  1 

3  1 

4  1 

i  lJh  I  r 

VNOVA  1  RANKV  1 

M/3/N  1 

M  /  3  /  N  1 

M/S/N  1 

M/S/N  1 

-f-=  =  =  =  -t-- 

=  =-h 

1  -^ANT  1 

7349 i . 7533 i 

26.301 

22.591 

25.721 

2  6 . 4  b  1 

’  5 1 

1  -  1 

3.  :’4i 

7.081 

6.52  1 

3 . 7  7  i 

^A  13i 

4  1  4  1 

3  1 

3  ! 

3  1 

3  ' 

-r - r- 

- ^ 

i  o '  Jt-'F  1 

3832 1 . 2952 1 

3. 94( 

7 .  j  ^  i 

b  .  o4  1 

3.501 

'  O  i 

-  1  -  i 

3.171 

1.921 

2.821 

3.151 

i  A,  1 4  1 

4  1  4  1 

3  1 

3  1 

a  1 

3  1 

-i - h 

- 

>  5  ' 

47541  . 5  b  6  7 1 

53.17! 

53.411 

58.351 

55.451 

1  /  i 

i  -  1 

5.31: 

7.591 

9.231 

6.561 

lA  15  1 

4  :  4  i 

3  1 

8  ! 

3  1 

3  1 

—  —  —  +  ~  —  —  —  —  —  —  — - -  -  -  -  -  - - ^ 


SELECTION:  VARIANCE  ANALYSIS,  ONE-FACTORIAL 
TERM :  F 

FACTOR;  TEST  GROUP 


- H - 

NAMEl  F.ACTOR  A  1 
NR  1  AiJOVA  1  RANKV  1 

1  1 
M/S/N  1 

2  1 
M/S/N  1 

3  1 

M/S/N  1 

1 

M/S/N 

RANT  1  .36  27  1 
5  1  -  1 

loi  4  , 

. 54351 
-  1 

4  1 

26.751 

5.111 

3  1 

23.411 

3.071 

3  1 

26 . lo i 

5 . 1  b  1 

3  1 

26.96 

6.69 

c 

SUFFi .32401 

O'  -  i 

A  1  7  *  4  1 

. 3669 i 
-  1 

4  1 

8.511 

2.991 

3  1 

9.291 
3.03! 
a  1 

9.261 

3.331 

3  1 

6.7  0 
.  1  -> 
8 

B  1  r  7  sh? i 

7  1  -  ! 

A  18 i  4  . 

.  b  T’  7  2  1 

1 

4  1 

- •  -f 

52.221 
6.22  1 

8  1 

- h 

43.941 
6.33  1 

3  1 

- 

49,401 

3.161 

3  1 

4 . 84 

3 

/ 


0  ELECTION:  vA:RIANCE 
TERM:  G 

FACTOR :  TEST 

ANAL73 

GROUP 

IS,  ONE- 

FACTORIAL 

1 MAME 1  FACTOR  A  |  1  1 

1  f'JR!  i  ANuVA  i  RANKVFAiM.' 3 '  N  ' 

'-y 

^  1 

M/3/N  1 

3  i 

M/S/N  i 

4 

M  /  S N 

' r ANT '  . JOoR i  . 185  s  1 

A  1  ?  '  4  1  4  1 

2  7 , 6 1 J  i 
6 . 7 1  1 
T’  1 

28.04 i 
5.32! 
8  1 

4 . 93  i 

8  ' 

23.46 

2.7} 

3 

'  i  ,  1  .  ! 

O  i  -  1  -  1 

iA  :0i  4  i  4  f 

8.47. 
2.32  1 
8  ! 

3.511 
3  .  2q  i 
3  1 

3  .  1 0  1 

^  ^  4.  1 

3  i 

92 

2.19 

a 

1 B  i . 2778 1 . 22021 

1  7  -  1  -  1 

i  A  2  i  *  4  i  4  1 

54.291 
4.35' 
8  i 

53.67  i 
4.4^: 
8  1 

54.40 1 
8.561 

'  1 

49.42 

4.89 

8 

3 ELECT I ON :  VAR I ANCE 
TERM;  H 
FACTOR:  TEST 

ANAL7S 

GROUP 

IS.  ONE- 

FACTORIAL 

iNAMF.  FACTOR  A  i 
^  NR  1 ANOVA 1 RANKV : 

1  1 
M/3.N  i 

6  1 

M/S/N  i 

3  1 

M/S/N  1 

4 

M  /  3 N 

IFANT' . 3109 i .27841 

1  5 1  -  I  -  i 

f  A  2 «  1  4  1  4  i 

25.27 1 
4.111 
8  1 

22.451 
3 . 9 1  1 
8  1 

21.31 i 
4.041 

7  i 

24.93 
4.  91 

y 

1  .■)UPF  1  .80611  .  764 7  1 

1  b  i  -  1  -  , 
lA  231  41  41 

6 . 36  1 
2.331 
3  1 

7.  35i 
2. 50  1 
6  1 

7.40  1 
2.191 

7  1 

7  .  00 
2.29 

/ 

13  1.70791. 5940 1 

-  '  -  1 
i  A  24  :  4  1  4  1 

48.701 
8.30  1 
6  1 

48,221 
8  .  'J  5  1 

O  1 

50 . 36 1 

6.701 

5  1 

44 . 98 
5 .  ”  3 
5 
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TION;  VARIANCE  AiNALYoIS,  ONE-FACTORIAL 
TERM :  I 

FACTOR;  TEST  GROUP 


NAr^lE  1  FACTOR  A  1 
imR  I  ANuVA  1  RANK.y  1 

1  i 

M/S/N  1 

2  \ 
M/S/N  1 

3  1 

M/S/N  1 

4  1 

M/S/N  1 

F ANT  1  .14111  .  ;>b84  1 

24.151 

20.951 

20.091 

18.841 

Si  -  :  -  i 

o  .  /  5  1 

3.33i 

5.501 

4 . 4  9  i 

AOS)  4  ;  4  ] 

3  1 

8  1 

7  ! 

3  1 

i  SUFP 1  , 

,  3943 1 

.65  92  1 

5.341 

7.391 

5.511 

4.501 

i  o  i 

1 

“  J 

2.081 

4.52  1 

3.111 

2.291 

iA  26  1 

4  i 

4  1 

7  1 

8  1 

a  1 

7  1 

3 - -r- 

— 

- 1_ 

.  w  t  • 

.  4  4  G  o  1 

.  5  L  A  4  ! 

4o . 60 1 

r-  T  1 

_)  1  .  U  J  1 

r*  n  4  1 

->  i  •  V  -t  1 

r*  /\  A  1 

vj  •  vy  ‘t  1 

;  7  ! 

1 

i 

3.421 

6.721 

7.361 

5.681 

1  A  2  7  1 

4  1 

4  1 

8  1 

8  1 

a  1 

8  1 

+ - -r - + 


SELECTION!  VARIANCE  ANALYSIS.  ONE -FACTORIAL 
TERM;  J 

FACTOR;  TEST  GROUP 


; NAME ; 

!  NR  1 

FACTOR  A  1 
ANOVA 1 RANKV 1 

1  1 
M/S/N  1 

2  1 
M/S/N  1 

3  1 

M/S/N  1 

4  1 

M/S/N  1 

. FANTi 
i  51 
lA  231 

.13601 

1 

4  1 

. 26151 

1 

4  1 

30.901 

5.091 

2  1 

29.451 
0.49  1 

2  1 

30  .  10  1 
8.20  1 

2  1 

42.751 
1.341 
2  1 

i  .SUFP  1 

1  b  i 

.69  33  1 

1 

. 29951 

1 

3.801 

5.521 

13.501 
0.99  1 

9.501 

4.241 

9.501 
4 . 6  7  1 

L.  I  i'j  ElAj'l  REGRESS  I  ON 


SIGNIFICANCE: 


■;  i uN  :  ANAijGSiS  OF  REGRESSION 

INDEPENDENT  VARIABLE;  AGE 
DEPENDENT  VARIABLE:  FPuN  T  CELLS 


- h- 

NAME  1 
NO  i 

R  1 

AND  i 

YM  1 

KONST.  ! 

ALT 

1 

P  ANT  1 

.2233  i 

i  2  b  .  3  4  ! 

391.2 

5  1 

+  1 

1  { 

-r  A 

A  39  1 

- i-~ 

230  i 

28 . 4046  1 

- . 00655 1 

StLECTIOM:  ANALYSIS  OF  REGRESSION 

INDEPENDENT  VARIABLE:  AGE 
DEPENDENT  VARIABLE;  FAN  T  CELLS 


- 

NAME  1 

NR  1 

R  1 

ANZ  i 

1  YM  1 

i  KONST.  1 

ALT 

4 

SUFP  ! 

.5972  1 

1  9.651 

396.3 

6  1  * 

+  A| 

1  i 

A  +  A 

A  40  1 

276  1 

i  14.4404  1 

-.012129 

ELECTION;  ANALYSIS  OF  REGRESSION 

INDEPENDENT  VARIABLE:  AGE 
DEPENDENT  VATtlABLE;  PAN  T  CELLS 


- (. 

NAME  1 
NR  1 

R  1 

.ANZ  1 

YM  1 

1  KONST.  1 

ALT 

4 

B  1 

.0752  ! 

52.09  1 

334.4 

A  41  1 

2  7  4  i 

53.0918  1 

-  .  0  0  2  6  0  3 
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NATURAL  KILLER  CELL  ACTIVITY 

Natural  killer  (NK)  cells  capable  of  spontaneous  lysis  of  tumor 
cells,  and  killer  (K)  cells  that  can  lyse  antibody-coated  target 
cells  have  been  demonstrated  in  many  species.  Much  attention 
.las  been  focused  on  these  cells  because  of  their  possible  role 
in  the  elimination  of  tumors  and  virus-infected  cells.  Although 
NK  and  K  cells  have  been  characterized  as  "non-T,  non-B  cells” 
because  they  are  net  generated  in  the  thymus  and  do  not  express 
the  usual  array  of  T  and  B  cell  surface  markers,  their  cell 
lineage  remains  an  enigma.  In  mice  natural  killer  cell  activity 
declines  several  weeks  after  birth. 

Target  cells  were  YAC-1  cells  obtained  from  FLOW  (Moloney  virus 
induced  lymphoma).  5.10°/ml  target  cells  were  labeled  with 
Na2^^CrO^  (spec. act.  459  mCi/mg)  using  lOO^uCi/ml  at  37°C,  for 
1  h.  After  two  washings,  4.10*^  target  cells  were  mixed  wit.h 
effector  cells  at  the  ratio  1:25,  1:50  and  1:100  in  a  total  of  2 
ml  complete  medium  (=  RPMI  1640,  20%  fetal  calf  serum,  100  U/ml 
penicillin,  lOO^ug/ml  streptomycin,  292^ug/ml  L-glutamine 
5.10  ^  M  mercaptoethanol )  .  Effector  cells  were  spleen  cells 
of  C57  bl  mice  that  had  been  irradiated  by  1  Gy  60-Co  with/wi¬ 
thout  application  of  DADH  (groups  III  and  IV).  The  test  was  per- 
formied  17  days  after  irradiation.  Lymphocytes  were  obtained 
after  Ficoll-Urograf in  centrifugation  of  spleen  suspensions. 

Tarcet  and  responder  cells  were  incubated  at'37°C  in  5%  CO^ 

humidified  incubator  for  3  h.  After  5  min  centrifugation  at 

3000  rpm,  lOO^ul  were  removed  from  each  supernatant  and  ^^Cr 

activity  determined  in  a  gamma  counter.  Spontaneous  ^^Cr-release 

was  measured  in  supernatants  of  YAC  cell  suspensions  that  had 

been  incuoated  without  effector  cells  for  3  h.  Maximum  release 

4 

was  counted  after  treatm.ent  or  4.10  target  cells  with  5%  solu¬ 
tion  of  sodium  laurylsulf ate  for  5  min,  followed  by  aqua  dest 
and  sedimentat ton  of  cells  by  centrifugation  at  3000  rpm.  Percent 
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Cr-release  was  determined  tav  the  formula: 


exner i.Tiental  release  -  spontaneous  release 
maximun  release  -  spontaneous  release 

Results:  Treatment  of  animals  by  DADH  per  se  did  not  cause  any 
significant  difference  in  natural  killer  cell  activity  {Tab.  1), 
VJhen  DAH  was  applied  together  with  irradiation,  it  restored 
natural  killer  cell  activity  to  almost  normal  values  (Tab.  1) 
two  weeks  after  irradiation.  A  further  follow  up  of  NK  activity 
did  not  seem  useful,  since  it  is  well  established  that  NX  cells 
subside  to  undetectable  levels  in  adult  mice  beyond  12  weeks 
of  age  (Djeu,  J.Y.  et  al.,  J. Immunol.  122  (1979)  1S2).  The  above 
mentioned  results  could  be  reaffirmed  v/ith  a  second  group  of 
animals  (Tab.  2);  in  this  second  experiment-,  all  three  ratios 
(1:1001,  1:50,  1:25)  produced  different  means  for  groups  III 
and  IV,  But  only  the  difference  for  the  highest  ratio  (1:100) 
was  statistically  highly  significant.  The  generally  higher  values 
of  experiment  2  are  due  to  the  fact  that  a  new  charge  of  YAC-1 
cells  was  used  which  showed  much  better  ^^Cr-labelling . 


r^ble  1 :  Natural  killer  cell  activity  determined  by  spontaneous 
’  Cr  release  from  Y.^C-l  target  cells;  target:  effector  cell 
■atio:  1:100,  tests  were  oerformed  17  days  after  irradiation. 


Cr-release 


group 

I 

II 

III 

IV 

animal  1 

19,5 

13.6 

4.1 

14.1 

animal  2 

10.6 

11.3 

9  .  0 

12.7 

animal  3 

20,3 

23. 1 

5.0 

7 . 7 

animal  4 

14  .  7 

13.9 

1.4 

9  .  5 

ani.mal  5 

15 . 3 

9 . 5 

2.7 

6.1 

mi  = 

m  = 

11 

•^III  = 

m  = 

IV 

15.6  +4.2 

14.4  ;  5.5 

4,4  ^  2.9 

10.4  +2.6 

test: : 


III 


<  n 


IV 


?  <  0.1%,  difference  significant. 


rable  2:  Natural  killer  cell  activity  determined  by  soontaneous 
'_r  release  rron  Y.kC-1  target  cells  17  davs  after  irradiation. 


ICr-release 

III 


ratio 

1:100 

1:50 

1:25 

animal  1 

15.7 

14 .4 

10.9 

animal  2 

19.4 

14.1 

11.3 

animal  3 

15.7 

15 . 3 

n .d.  ( <1 ) 

animal  4 

20 .1 

14.3 

14 . 3 

animal  5 

19  .  5 

19.2 

17.1 

m  =  18.3 

i*il 

.m___  =  15.6 

m  13.5 

IXI3 

3  .  d . 

+  1.9 

+  2.1 

+  2  .  8 

liCr-release 

group 

IV 

ratio 

1  : 100 

1 :  50 

1:25 

animal  1 

31.4 

1  Q  1 

14.4 

animal  2 

54  .  5 

41.7 

31.6 

animal  3 

29 . 5 

16.3 

16.2 

animal  4 

43.1 

10.7 

n.d. ( <1) 

animal  5 

26.9 

14.1 

8.8 

=  37.1 
til  .5 


m2=20.2  =17.8 


+  12 . 3 


+  9.8 


(t-test:  rn  <  m  ,  P  <  0.05%,  difference  hiahly  sianificant) 

1  1 


It  IS  of  special  interest,  that  in  t.he  combined  group  (IV)  tne 
MK  activity  is  mucn  higher  compared  to  the  irradiated  arouo 
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FOLY ( ADP-RIBQSE ) -POLYMERASE  ACTIVITY  AND  REPLICATIVE 
DMA  3Y:;tHESIS:  C57  bl  MICE  TREATED  WITH  DADH 


INTRODUCTION 

C57  bi  mice  permanently  carry  the  information  of  a  retrovirus 
in  their  genome.  After  y^-irradiation  oncogene  activation  occurs 
and  there  is  a  high  incidence  for  malignant  lymphomas  in  these 
animals  (1).  The  tranforming  genes  of  retroviruses  are  c-onc 
genes  derived  from  normal  cellular  genes  and  there  is  evidence 
t;iat  virus  induced  tranf ormation  is  correlated  with  increased 
level  of  expression  of  these  genes  (2).  The  cell  derived  one 
sequences  of  thymic  lymphomas  in  C57  bl  mice  are  designated  K  and 
N  ras  and  probably  myc  (I.  Guerro,  personal  communication).  With 
induction  of  differentiation  a  certain  diminuation  in  virus  rela¬ 
ted  one  message  was  observed  (2).  The  expression  of  related  one 
sequences  was  also  detected  in  an  neoplastic  T-cell  line  which 
oroduces  the  human  T  cell  lymphoma  retrovirus  HTLV.  The  expres¬ 
sion  of  protooncogenes  is  induced  following  induction  of  termi¬ 
nal  differentiation  in  vitro.  Inappropriate  expression  of  pro- 
rocncogenes  prevents  the  cell  from  reaching  terminal  differentia¬ 
tion.  There  is  a  close  relationship  between  the  molecular  mecha¬ 
nisms  underlying  both  proliferation  and  differentiation. 

There  is  also  a  close  association  of  certain  protooncogene  pro- 
iucts  with  both,  differentiation  a.nd  proliferation.  Point  muta¬ 
tions  in  protooncocenes ,  which  can  result  from  defective  or  mis- 
reoair,  are  the  reason  for  aberrant  growth  factors  whicii  can 
increase  the  tumorigenic  potential. 

variety  of  oncerrenes  are  amplified  during  tumor  progression,  and 
tne-  freouo.ncv  of  gene  arr.ol if ication  can  be  increased  by  agents 
•■/hioh  men  irate  a  transient  inhibition  of  DMA  synthesis,  inclu- 
;-ino  radiation  and  carcinogens.  When  DNA  synthesis  is  stopped 
i'lrino  first  i-4  hours  of  th.e  3-ohase ,  speoific  DNA  amplifi- 

t'tion  occ';rs,  coding  for  enzymes  involved  in  DNA  metabolism. 
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Amplification  of  these  oncogenes  can  enhance  their  expression, 
out  mutation  does  not  seem  to  be  a  necessary  compagion  of  onco¬ 
gene  amplification.  For  the  amplification  process  of  oncogenes 
chromosomal  rearrangements  are  necessary  to  bring  the  oncogene 
in  close  connection  to  a  reolication  origin  of  DNA  synthesis.  In 
ealier  experiments  we  could  show  that  short  repetitive  inters- 
nersed  DNA  sequences  called  ALU  sequences  are  present  in  DNA 
replication  origins  (3).  In  an  in  vitro  system,  enriched  repli- 
>  cation  origins  enhanced  the  activity  of  the  poly ( ADP-ribose ) - 

nolymerase  oresent  in  chromatin  (4). 

Antitranf orming  drug  action  of  modulators  of  poly ( ADP-ribose ) - 
polymerase  (E.C.2.4.99)  appeared  to  be  connected  to  augmented 
enzyme  activity  in  vitro  (5)  and  in  vivo  (6)  and  seems  to  be 
restricted  to  the  early  S  phase,  possible  by  the  biosynthesis 
of  new  poly ( ADP-ribose ) -polymerase  protein  (7).  Inhibitors  oi 
poly ADP-ribose  ) -polymerase  may  have  promoting  or  inhibitory 
effects  on  the  transf orm.ation  process  dependent  on  treatment 
schedule,  concentration  and  cell  cycle  (5,  9  -  13).  We  have 
choosen  the  antitransf orming  and  differentiation  inducing  drug 
hexamethylene  bis-acetamide  ( diacetyldiaminohexane  =  DADH) ,  be¬ 
cause  in  vitro  it  prevented  almost  completely  carcinogen  induced 
transformation  at  1  mM  external  concentration  and  even  at  20  mM 
had  no  appreciable  inhibitory  effect  on  nuclear  poly (ADP-ribose ) - 
polymerase  (5).  Simultaneously  with  the  differentiation  process 
an  increase  in  poly ( ADP-ribose ) -polymerase-activity  was  detected 
in  erythroleukemia  cells  (14),  in  myoblasts  (15),  and  in  t.he  pre¬ 
sent  experiment  in  spleen  cells  of  C57  bl  mice.  DADH  is  a  potent 
inducer  of  differentiation  in  some  cell  types.  The  main  part  of 
this  compound  is  deacetylated  upon  cell  entry  (16).  DADH  is  well 
water  soluble  and  a  highly  stable  compound.  ' 

Parks  et  al .  made  daily  injections  of  up  to  30  mg/kg/d  to  tumored 
■lice  and  saw  an  altered  survival  pattern,  but  not  an  increase 
in  overall  survival  (17). 

The  fact  that  in  cur  e.xoeriments  DADH  seems  to  be  also  a  cance- 
rogenic  drug  is  of  interest  in  connection  witli  the  deacylated 
oroduct,  because  oolyamines  stimulate  DNA  directed  DNA  synthesis 
iatil"S‘^'i  b"/  mamr'.a  1 1  an  f  -mie  C  retroviral  D.'.’A.  colymerase  (13)  . 
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The  control  of  DMA  synthesis  seems  to  be  one  of  the  key  points 
in  carcinogenesis.  In  all  phases  of  this  process,  after  initia¬ 
tion,  during  promotion  and  progression,  in.hibition  of  DMA  synthe¬ 
sis  can  interrupt  carci.nogenesis . 

In  the  present  paper  poly  ( AJDP-ribose ) -synthesis  was  compared 
with  DMA  synthesis  (including  DMA  amplification)  in  relation  to 
th.e  occurrance  of  malignant  lymphomas  in  C57  bl  mice, 

•lATD.RI.AL  AM'D  METHODS 

C57  bl/6  mice,  8-10  weeks  old  (supplied  by  t.he  Forschungsinstitut 
fur  Versuchstierzucht  Himberg,  Austria),  were  used  for  the  expe¬ 
riments.  Feed  (altromin  diet  131ff)  and  bedding  material  were 
|/^-irradiated  with  10  kGy  for  sterilization.  The  animals  were 
divided  into  4  test  groups: 

1 .  Controls , 

2.  .Administration  of  DADH  (100  ppm  in  drinking  water,  during 
whole  life  span). 

3.  VJhole  body  irradiation  with  1  Gy  60-Co  with  a  dose  rate 
of  0.2  Gy/min,  once  initially. 

4.  .administration  of  t.he  test  substance,  during  the  whole  life 
span  and  whole  body  irradiation,  once  initially  after  the 
first  week  of  drug  treatment. 

In  the  short  term  experiments  animals  were  sacrified  18  h  after 
irradiation,  the  spleens  removed  and  cell  suspensions  prepared 
at  4°C.  The  cell  suspensions  were  washed  twice  with  medium  199. 
Living  cells  were  counted  by  Trypanblue  staining. 

P.A.P-3ynt.ies is  :  I.m.medi ate  1  y  after  prepari.ng  the  cell  suspensions 
raw  chromatin  was  isolated  by  lysis  in  a  solution  of  O.l.’l  EDT.A, 

0.  002.'-:  Tris  and  0.5”  Triton  X-lOO  for  5  .min  at  20°C.  After  wa- 

3 

s.ni.nc  o.'.e  raw  c.nrornatin  once  with  distilled  water,  1  /uCi  '^K-MAD 

'  1  ^ 

'MEM,  M’ET-44  2,  1.3  X  10  Bq/n.mol  specific  activity)  was  added 
in  a  mixture  of  0.15.'!  sucrose,  O.OOlM  EDT.A,  0.003(1  DTE,  0.04y. 
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Tris,  0.04M  MgCl^  and  0.000i25M  NAD  and  then  incubated  at  37^C 
for  30  nin.  The  reaction  was  stopped  by  the  addition  of  40^ 
oerchloric  acid  (final  concentration  20%)  in  the  cold.  The  pel¬ 
let  was  hydrolysed  at  90°C  in  6%  PCA  for  30  min.  The  DNA  content 
(optical  density  at  260  nn  and  290  nm)  and  the  radioactivity 
(liquid  scintillation  counting)  of  each  sample  was  measured  in 
aliquots  of  the  supernatant,  obtained  after  centrifugation.  The 
radioactivity  (counts/min)  of  the  samples  was  calculated  as  spe¬ 
cific  radioactivity  (counts .min~^ .^ug~^  DNA). 

Replicative  DNA-synthes is :  2.5^uCi  ^H-thymidine  ( NEN ,  specific 
activity  72  Ci/mmole)  were  added  to  the  cell  suspensions.  This 
incorporation  of  thymidine  in  the  DNA  was  stopoed  after  incuba¬ 
tion  at  37°C  for  90  min  with  icecold  perchloric  acid  (PCA  final 
concentration  6%).  The  precipitate  was  washed  three  tim.es  with 
6%  PCA.  The  pellet  was  hydrolysed  at  90°C  in  6%  PCA  for  30  min. 
The  DNA  content  and  the  radioactivity  of  each  sample  was  measured 
in  aliquots  of  the  supernatant  after  centrifugation.  The  specific 
radioactivity  (epm/^ug  DNA)  was  calculated. 

Gene  amplification  measured  from  the  occurrance  of  double  minu¬ 
tes  :  Animals  were  sacrified  and  femoral  bone  marrow  cells  were 
cultured  for  3  .hours  in  complete  medium  in  presence  of  colcemid 
and  lymphocyte  chromosome  analysis  were  done  after  staining 
the  slides  with  Giemsa  (pH  6.8). 

.RESULTS 

13  hours  after  whole  body  irradiation  the  DADH  treated  animals 
showed  significant  increase  in  poly  ( .ADP-ribose ) -polymerase  acti¬ 
vity  (fig  1)  in  spleen  cells. 
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At,  the  same  time  replicative  DNA  synthesis  is  low,  probable  due 
to  a  block  early  in  S-phase  of  spleen  cells  (fig.  2). 

Gene  amplification  seems  to  be  also  restricted  to  the  early 
S-phase  and  double  minutes  were  counted  in  bene  marrow  cells 
(fig.  3).  For  details  see  enclosure  5. 


Minutes  in  Bone  Marrow -Cells 
of  C57  bl  Mice 
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In  our  long  terra  experiments  poly  ( ADP-ribose ) -polymerase  activi 
“v  was  highest  in  2/3  of  the  Lifespan  in  irradiated  animals, 
only  in  the  lasc  phase  DADh  treated  mice  showed  higher  values 
(fig.  4 ; . 


Figure  4 


Poly  (ADP)  ribose- polymerase  activity 
in  soleen  cells  of  Cct  W  mice 


control 
OADH 
irrauiated 
DADH  irraaiatea 


I 

I 
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Replicative  DNA  synthesis  was  highest  at  the  beginning  of  the 
experiments  in  the  group  with  combined  treatme.nt  (DADH  +^). 
Starting  with  age  C,  it  increased  in  the  irradiated  group  to 
the  Highest  level  of  all  groups  (fig.  5). 


Fiaure  5 


DISCUSSION 

Cancer  formation  by  ^-irradiation  of  1  Gy  is  almost  always 
a  slow  process  requiring  most  of  the  life  span  of  C57  bl  mice. 
The  long  latency  appears  due  to  a  stepwise,  sequential  transfor¬ 
mation  of  normal  into  malignant  cells  via  several  intermediate 
tell  populations.  Differentiation  steps  are  certainly  of  impor- 
tince  in  these  mechanisms.  A  relationship  exists  between  inhibi- 
iin  if  the  cell  cycle  and  differentiation  of  certain  cells, 

"'m  -ole  of  .'.DP-r ibcsylation  in  differentiation  was  first  sug- 
•  ••o  oy  Caolan  and  Posenberg  (19).  After  an  initial  S-pnase 

i  y  .'.DP-r  loose  ) -synthesis  increased  (15),  which  was  seen 
■  'or  -''or*--  term  exneriments  (fins.  1  and  2).  The  increase 
■  •  ■  .  -  A  ;  ’  1  c.<  1  activity  of  tne  poly  (  ADP-ribose  ) -polymerase 
-•  ■<  •  :ncr-’ase  in  the  numcer  of  enzyme  molecules, 

. •'  activitation  (20).  But  from  our  results 
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v/e  will  r.ot  exclude  also  de  novo  synthesis  of  the  enzyc.e. 

After  DADH  treatment  of  mice  there  was  no  significant  increase 
in  D>JA  strandbreaks  .  The  activity  of  pol y  ( AOP-r ibose  ) -oolymer ase 
is  not  only  deoendent  on  the  NAD"^  level  or  DNA  strandbreaks, 
but  also  on  an  enzyme-associated  DNA  defined  as  s-DNA  or  coen- 
zymatic  DIJA.  The  factor  NAD’*’  level  or  NAD'^-glycohydrolase  acti¬ 
vity  could  be  excluded  in  our  experiments,  since  we  measured  the 
enzyme  activity  in  crude  chromatin.  From  our  amplification  or 
double  minutes  data  we  know  that  replication  origins  are  enri¬ 
ched  in  cells  which  show  higher  specific  DNA  amplification,  ce- 
cause  only  DNA  sequences  located  close  to  replication  origins 
can  be  amplified.  (For  details  see  enclosure  6).  Poly ( ADP-ribo- 
se ) -polymerase  activity  is  in  higher  irradiated  mice  compared 
with  the  group  of  combined  treatment.  It  is  known  that  premali- 
gnant  ceils  show  higher  poly ( ADP-ribose ) -polymer ase  activity. 
Only  at  the  end  of  the  life  span  DADH,  which  causes  also  a  hig¬ 
her  risk  for  cancer,  produced  higher  values. 

Peplicative  DMA  synthesis  was  initially  higher  in  the  group  of 
combined  treatment,  but  during  the  rest  of  lifespan  significant¬ 
ly  lower  than  in  the  irradiated  group  (figure  5).  There  is  a 
good  correlation  of  the  DNA  synthesis  in  spleen  cells  with  the 
occurrance  of  lymphomas,  because  500  days  after  starting  the 
experiments  the  number  of  malignant  lymphomas  was  the  same  in 
the  group  of  ccmcbined  treatment  compared  with  the  control  group. 
At  the  end  of  the  life  span  of  C57  bl  mice,  when  the  number  of 
soontaneously  occurring  lymphomas  was  already  high,  the  combi¬ 
ned  group  was  still  lower  comioared  with  the  DADH  group  and  the 
irradiated  grouo  (figure  6).  Poly ( ADP-r ioosylat ion )  of  proteins 
certainly  plays  i  regulatory  role  in  DNA  metabolism  and  ultimat- 
ly  new  insichts  into  the  cause  of  cancer  and  its  exnression  can 
oe  connected  witn  rhis  reculaticn  crocess  . 
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DNA  REPAIR  AFTER  UV-IRR/ADI ATION 


Unscheduled  DNA  synthesis  (UDS)  was  nonsemiconservative  repair 
of  damage  to  DMA,  has  been  shown  to  occur  over  the  entire  genome. 
The  process  was  first  revealed  by  autoradiography  when  UV  irra- 
iiation  was  shown  to  induce  the  uptake  of  labeled  thymidine 
into  non-S-phase  cells.  At  least  three  steps  are  required:  DMA 
damage,  excision  of  the  damage  and  DMA-strand  polimerization 
and  ligation. 

The  misrepair  or  incomplete  repair  of  DMA  damage  may  be  an  ini¬ 
tial  step  leading  to  many  types  of  genetic  alterations  and, 
indeed,  many  known  chemical  mutagens  and/or  carcinogens  and  ra¬ 
diation  have  shown  to  induce  UDS.  More  recently,  attention  has 
been  focussed  on  the  use  of  primary  cell  cultures  from  various 
tissues  for  UDS  assays.  These  systems  may  provide  more  relevant 
information  on  the  genotocixicity  of  chemicals  or  irradaition  to 
selected  target  cells. 

Comparison  of  the  response  observed  in  cells  following  in  vivo 
and  in  vitro  treatment  underscores  some  basic  differences  in 
these  two  methodologies.  Treatment  of  the  whole  animal  generally 
provides  a  more  accurate  .measure  of  the  response  in  a  particular 
target  tissue  than  in  vitro  assays;  however,  these  tissue-speci¬ 
fic  assays  may  frequently  miss  ge.noto.xic  compounds  that  produce 
rumors  in  other  target  tissues. 
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^H-thymidine  uptake  was  stooped  by  addition  of  excess  cold  thy¬ 
midine  ,  the  cells  washed  several  times  and  fixed  in  icecold 
matnanol-acetic  acid  (3:1).  Autoradioarams  were  orsoared  bv 
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xiouiu  emuasroii ,  exrjoseu  rcr  ij  aavs ;  arter  ceveioo- 


ment,  slides  v;ere  stained  with  Giemsa. 


One  hundred  cells  were  scored  on  each  slide,  the  relative  refle¬ 
xion  of  silver  grains  per  labeled  cell  was  determined  photome- 
tricallv  bv  a  Zeiss  microscooe  ohotometer  OlX. 


It  was  pointed  out  in  Liie  report  of  the  grant  period  1984/1935 
that  in  the  short  term  experiments  1  raM  3-MBA  did  not  affect  the 
amount  of  CDS  induced  by  UV  radiation;  no  differences  in  the 
relative  incorporation  of  ''H-thyraidine  per  cell  and  the  percen¬ 
tage  of  labeled  cells  were  found  between  the  control  group  and 
the  group  receiving  3-MBA.  1  Gy  of  gamma  radiation  caused  a 
slight  decrease  in  UV-induced  UDS;  combined  treatmient  of  1  Gy 
gamma  irradiation  and  3-MBA  affected  UDS  to  the  same  extent;  but 
in  both  cases  no  significance  of  this  effect  could  be  dem.onstra- 
ted  by  variance  analysis. 

In  the  long  term  exoeriment  we  could  find  that  spleen  cells 
without  grains  increased  remarkable  with  age.  The  cells  with 
50  -  150  grains/cell  and  cells  with  <50  grains  dont  show  great 
changes  during  the  life  time.  In  the  control  group  cells  with 
more  than  150  grains  are  decreasing  with  age,  but  in  the  DADH, 
and  DADH  groups  there  is  again  an  increase  at  the  end 

of  the  life  span.  It  is  of  interest  that  in  this  period  the 
Ivmnhoma  incidence  is  increasinn  'fie.  1 . 


If  we  cemoare  the  ratio  between  cells  witn  silvergrains  to  cells 
without  s i Ive r cr a i ns ,  we  can  recognize  that  in  all  grouns  it 
the  end  of  th.e  life  scan  a  groat  numoer  of  ceils  witnout  repair 
incorporation  of  '^H-thymidine  exists.  In  both  irridiatac  grou’^s 
there  is  also  a  drop  of  grains/cell  soon  after  irradiatm^n  . 


In  th< 


^  *3AD’.!  urouu  t'n.e  reconstitution  of  cells,  w'nicn  show 


reoair  goes  ouicker  anti  reac.nes  at  noints 
values  f  f  1  n  .  3  ,  3  )  . 


•  1 1 1  on  L 


Fiaure  1 


AFOSR 


DNA  REPAIR 

RATIO;  cells  with  SG  /  cells  without  SG 


REPAIR  RATIO;  cells  with  SG/cells  without  SG  SPLEEN 


89 


It  seems  that  there  is  a  certain  correiatiion  between 
ned  data  and  the  occurrance  of  lymphomas . 
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INFLUENCE  OF  AMTITRAMSFORMER  ON  NUCLSOIDSEDIMENTATION 


In  C57  bl  mice  a  C-type  retrovirus  is  latent  present  and  thymus 
is  essential  for  virus  replication.  In  the  short  term  experi¬ 
ments  we  used  thymus  cells  for  our  nucleoidsedimentation  stu¬ 
dies.  Since  the  thymus  degenerates  during  life  span  spleen 
cells  were  investigated  in  the  long  term  experiments. 

Nucleoid  sedimentation  (supercoiled  DNA) 

N'ucleoids  can  be  obtained  by  lysing  cells  with  non  ionic  deter¬ 
gents  in  the  presence  of  high  salt  concentration.  The  secondary 
and  tertiary  structure  (supercoils)  of  DNA  remains  intact  under 
these  conditions.  Besides  of  DNA,  nucleoids  contain  nuclear  RNA 
and  small  amounts  of  nuclear  proteins.  A  loss  of  supercoils 
caused  by  DNA  incisions,  DNA  strand  breaks  or  intercalating 
agents  leads  to  changes  of  the  sedimentation  velocity  of 
nucleoids . 

linear  cradient  was  orepared  (15  to  50%  sucrose,  1.95  M  NaCl, 
0.001  M  EDTA  Na2,  0.01  M  Tris,  pH  8.0)  in  centrifuge  tubes  and 
overlayered  by  a  lysing  mixture  (1.95  M  CaCl,  0.1  M  EDTA  Na^  , 

2  mf-l  Tris,  0.5%  Triton  X-100).  Cell  suspensions,  non  irradiated, 
imm.ediately  and  90  minutes,  respectively,  after  an  in  vitro 
irradiation  !1  Gy  60-Co)  were  lysed  on  the  top  of  the  gradients 
for  20  min  and  afterwards  centrifuged  at  152.000  x  g  and 
20°C  for  55  .min.  The  sedimentation  profile  (position  of  the 
DNA  maximum..'  was  determi.ned  by  .measuring  the  extinction  at 
254  nm  in  a  flow  photometer.  The  sedi.mentation  distance  of  the 
nucleoids  as  measured  from  the  top  of  the  gradients  was  related 
".o  the  wncle  lencth  of  the  gradient  fR,--values)  (fig.  1). 

Botn  substances  oehave  si.milarly  with  respect  to  the  nucleoid 
.sedimentation  profiles.  An  increased  sedimentation  velocity  can 
be  seen  •?soeciaily  in  the  combined  group.  Proteaseinhibition  or 
increased  DTJA  content  ter  nucleoid  generated  ov  aene  amolifica- 
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tion  could  oe  an  explanation  for  this  effect. 

In  the  long  taria  study  a  similar  effect  could  be  observed  in  tne 
second  oart  of  the  life  span  of  irradiated  mice  (fig.  2)  . 

If  we  calculate  the  ratio  between  nucleoidsedi.mentation  and 
ooly ( ADP-ribose ) -polymerase  activity  the  irradiated  group  shows 
the  highest  values,  a  moderate  effect  can  be  observed  in  the 
l^-DADH  aroup  (fig.  3).  Further  e.xperiments  are  necessary  to 
exolain  these  effects. 


NUCLEOIOSEDIMENTATION  OF  MOUSE  THYMUS  CELLS 


Nucleoid  Sedimentation 
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BASIC  UDS  AND  POLY ( ADP-RI BOSE ) -POLYMERASE  ACTIVITY 


Basic  UPS  in  spleen  cells 

Basic  UDS  in  healthy  cells  is  generally  very  low,  and  silver 
grains  between  10  and  20  per  nucleus  can  be  seen  only  in  prema- 
lignant  and  malignant  cells.  Under  certain  selective  conditions 
also  specific  DNA  amplification  can  contribute  to  higher  silver 
grain  numbers  per  nucleus  .  Figure  1  shows  that  in  the  control 
group  cells  with  more  than  3  grains/nucleus  only  appear  at 
point  D.  In  all  other  groups  low  level  UDS  starts  already  at  the 
beginning  of  the  experiments.  In  the  irradiated  group  cells  with 
=  8  SG/N  occur  early  after  irradiation,  in  the  +  DADH  group 
there  is  a  delay  in  the  onset  of  higher  level  UDS.  Cells  with  = 
20  SG/N  show  the  same  tendency,  only  in  the  last  step  of  the 
life  span  UDS  in  the  irradiated  group  increased  till  the  end  of 
the  study.  In  animals,  receiving  only  DADH,  also  higher  UDS  va¬ 
lues  were  obtained  compared  with  controls.  A  certain  correlation 
between  basic  UDS  and  the  occurrence  of  lymphomas  seems  to 
exist.  (Coroare  also  poly{ADP-ribose ) -polymerase  activity  in 
spleen  cells,  page  78). 


Control 
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Basic  UPS  in  liver  cells 

Cancer  formation  by  low  dose  radiation  is  almost  always  a  slow 
process  requiring  a  long  part  of  the  total  life  span  of  mice. 

The  liver  offers  a  major  advantage  for  studies  on  cancerogenesi s . 
The  earliest  sign  for  transformed  cells  are  discrete  foci  of 
phenotypically  altered  cells  in  the  liver.  It  takes  very  often 
more  than  1  year  of  promotion,  before  50%  of  normal  liver  tissue 
is  replaced  by  focal  positive  cells.  If  there  is  no  promo¬ 

tion  after  the  early  occurrance  of  foci,  this  premalignant  cells 
have  no  chance  to  survive  (R.  Schulte-Hermann ,  personal  commu¬ 
nication).  Premalignant  cells  have  already  a  higher  poly(ADP- 
ribose ) -polymerase  capacity.  In  our  experiments  poly ( ADP-ribose ) - 
polymerase  activity  was  followed  after  isolation  of  crude  chroma¬ 
tin.  In  figure  2  we  can  see  that  in  contrast  to  spleen  cells, 
the  combined  group  ( +  DADH )  showed  the  highest  ADP-ribosyla- 
tion  of  proteins.  We  cannot  exclude  that  premalignant  cells 
occurred  in  the  liver  of  mice  in  all  treated  groups  in  the  first 
1/3  of  the  life  span,  but  they  died  after  a  certain  time  of  per¬ 
sistence.  Tumor  promoters  are  often  hormones  or  compounds  with 
hormone  like  effects.  Som.e  preliminary  e.xperiments  with  glutau- 
rine  have  shown  that  this  hormone  like  compound  can  increase  the 
poly ( -ADP-ribose ) -polymerase  activity,  without  introducing  DNA 
breaks  (see  also  enclosure  7). 

For  CDS  determination  in  hepatocytes  a  cell-suspension  was  pre¬ 
oared.  The  liver  of  the  animals  -  while  in  strong  ether  anaeste- 
sia  -  was  perfused  first  with  EDTA  containing  PBS  and  then  with 
a  solution  of  0.05  U/ml  disphase  and  10  U/iul  collagenase  in 
PuMF  medium  with  1&  serum.  The  livers  were  incubated  for  about 
one  hour  in  this  solution.  The  organs  were  cut  into  small  pieces 
and  transferred  to  a  solution  of  0.5  U/ml  disease  and  1  U/ml  col- 
lace.nase  in  BfiE  medium  with  2%  serum.  A  single  cell  suspension 
'•••as  made  by  slowly  stirring  this  solution.  The  cells  were  cleaned 
from  debries  by  repeated  centrifugation  in  PBS. 

IS^uCi  ":J-thym,idine  were  added  to  1  million  of  cells  in  BilE 
medium  with  3%  serum  and  incubated  at  37^C  for  90  minutes.  The 
ceils  were  washed  in  BPS  and  incubated  in  medium  containing  0.1 
m-'lol/l  inactivate  thymidine  for  30  min.  After  more  washings  in 
"P.S  the  C'-’lls  were  allowed  to  swell  5  min  in  11  trisodiumcitrate 
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solution  and  then  fixed  with  methanol  -  acetic  acid. 

The  fixed  cells  were  dropped  on  to  slides  and  covered  with  pnoto 
araphic  emulsion.  After  3  weeks  of  exposure  in  the  dark  tne 
slides  were  developed  and  stained  with  Giemsa.  The  number  of 
silver  grains  in  50  cells  per  animal  were  counted  in  a  micrsco- 
oe  . 


.gure  3  shows  that  UDS  was  highest  in  the  combined  group  ( + 
DADH ) ,  followed  by  the  ^-irradiated  group  and  DADH  treated  grouo 


If  D^ADH  has  some  carcinogenic  potential  it  seems  clear  that 
t'DS  may  be  higher  in  the  DADH  treated  animals  because  this  sub¬ 
stance  was  given  during  the  whole  life  span.  But  it  is  of  spe¬ 
cial  interest,  that  mice  which  received  only  once,  at  the  begin¬ 
ning  of  the  study,  1  Gy  ^-irradiation,  500  days  later  still 
showed  augmented  basic  UDS.  DHA  damage  produced  by  1  Gy  60-Co- 
irradiation  in  mouse  cells  is  normally  repaired  within  1/2  h. 
Therefore  a  special  mechanism  (induction  of  error  prone  repair?) 
should  be  responsible  for  this  increased  UDS,  which  is  present 
durina  the  rest  of  the  life.  The  following  tables  show  the  sin- 
ole  values. 


Figure  2 

Poly  (ADP  ribose)  -  polymerase 
activity  in  liver  cells  of  C57  bl  mice 
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TaDle  1 ,  cont . 
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QUANTITATIVE  DETERMlMATION  OF  THE  POLY ( ADP-RIBOSE ) 
LEVEL  IN  SPLEEN  DNA  LIVER  CELLS 


I 

3 

i 


The  data  obtained  from  poly ( ADP-ribose ) -polymerase  activity 
determinations  in  crude  chromatin  in  the  last  1/3  of  the  life 
span,  when  already  an  increase  in  lymphoma  rate  could  be  obser¬ 
ved,  showed  the  highest  ADPribosylation  of  proteins  in  the  DADH 
group  followed  by  the  ^ -irradiated  and  the  combined  group. 

This  relationship  was  nearly  the  same  in  spleen  and  liver  cells. 
It  was  of  interest  for  us  whether  poly ( ADP-ribose ) -synthesis  and 
the  level  of  ooly ( ADP-ribose )  show  a  certain  correlation. 

For  the  following  investigations  we  used  a  modified  method  of 
A.  Hakam,  et  al .  for  the  quantitative  determination  of  poly{  ADP- 
ribose)  of  cells  by  high  performance  liquid  chromatography. 

To  get  a  higher  sensitivity,  this  miethod  is  based  on  the  oxyda- 
tion  by  sodiumperiodate  of  2 ’ , 3 'cisdiol-groups  of  the  ribose 
moieties  in  pol y ( ADP-ribose )  to  aldehyd  groups,  followed  by 
the  reduction  by  ^H-borchydr ide  to  primary  alcohol  groups.  For 
the  separation  into  oligo-  and  poly ( ADP-ribose )  the  stationary 
phase  used  was  a  reversed  phase  -  silicagel,  which  was  chemically 
modified,  and  the  polar  mobile  phase  was  water,  methanol  and 
acetonitrile  (gradient  C).  The  detection  system  was  an  UV-detec- 
tor  coupled  with  a  fraction  collector.  The  radioactivity  was 
measured  in  a  licuid  scintillation  counter. 


In  fin,  1  and  2  the  oligo  and  poly ( ADP-ribose '  levels  in  spleen 
and  liver  cells  are  shov^rn.  There  is  a  certain  similarity  between 
the  cctaincd  poly ( ADP-r loose ) -synthesis  values  and  the  level 
in  the  cells.  In  liver  cells,  which  are  poorly  dividing  cells, 
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SU^U•■1ARY  OF  ALL  RESULTS 


The  most  important  results  of  the  animal  studies  on  the  mode 

of  action  of  the  antitransf ormer  DADH  in  short  and  long  term 

experiments  are  the  following: 

1.  Combined  treatment  of  D^ADH  and  ^-irradiation  generated  a 
decreased  incidence  of  malignant  lymphoma  compared  to  ^-irra¬ 
diation  alone. 

2.  D.\DH  itself  shows  some  carcinogenic  properties. 

3.  In  short  term  experiments  DADH  has  an  immunoprotective  effect 
with  respect  to  jf^-irradaition 

a.  earlier  reconstitution  of  lymphocyte  subsets, 

b.  increase  in  natural  killer  cell  activity. 

4.  Higher  poly ( ADP-ribose ) -polymerase  activity  to  a  certain 
extent  seems  to  control  replicative  DL’A  synthesis  and  speci¬ 
fic  DHA  amnlif ication  determined  by  double  mi.nutes. 

5.  Spleen  cells  with  loss  of  DHA  repair  increased  remarkably  with 
age.  At  the  sam.e  time  lymphoma  incidence  is  increasing. 

6.  Nucleoid  sedimentation  studies  showed  an  over sedimentation 
nhenomenon  rather  than  DNA  breaks  during  short  and  long  term 
experiments  . 

7.  A  certain  correlation  between  basic  UDS  in  spleen  cells  and 
the  occurrence  of  lymphomas  exists. 

3.  Basic  UDS  was  highest  in  the  combined  +  DADH)  group.  But 
also  after  a  single  irradiation  dose  of  1  Gy  basic  UDS  was 
elevated  during  the  whole  life  time. 

9.  Poly  I ADP-ribose ) -polymerase  activity  parallels  the  poly(ADP- 
ribose'  content  in  spleen  and  liver  cells  at  the  end  of  the 
life  scan  of  C57  bl  mice. 


